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p ^^rKGROT TND OF THE INVENTION 

This application is a continuation-in-part of U.S. Serial No. 
09/224,426, filed December 31, 1998, the contents of which 
10 is hereby incorporated by reference into the subject 

application , 

Throughout this application., various publications are 
referenced in parentheses by author and year. Full citations 

15 for these references may be found at the end of the 

specification immediately preceding the sequence listings and 
the claims. The disclosure of these publications in their 
entireties are hereby incorporated by reference into this 
application to describe more fully the state of the art to 

2 0 which this invention pertains. 

Neuroregulators comprise a diverse group of natural products 
that subserve or modulate communication in the nervous 
system. They include, but are not limited to, 

2 5 neuropeptides, amino acids, biogenic amines, lipids and 

lipid metabolites, and other metabolic byproducts. Many of 
these neuroregulator substances interact with specific cell 
surface receptors which transduce signals from the outside 
to the inside of the cell. G-protein coupled receptors 

30 (GPCRs) represent a major class of cell surface receptors 

with which many neurotransmitters interact to mediate their 
effects* GPCRs are predicted to have seven membrane- 
spanning domains and are coupled to their effectors via G- 
proteins linking receptor activation with intracellular 

35 biochemical sec[uelae such as s'^imulation of adenylyl 

cyclase . 



Melanin- concentrating hormone (MCH) is a cyclic peptide 
originally isolated from salmonid (teleost fish) pituitaries 



(Kawauchi ec al . , 1963). In fish the 17 amino acid peptide 
causes aggregation of melanin within the melanophores and 
inhibits the release of ACTH, acting as a functional 
antagonist of a-MSH. Mammalian MCH (19 amino acids) is 
highly conserved between rat, mouse, and human, exhibiting 
100% amino acid identity, but its physiological roles are 
less clear. MCH has been reported to participate in a 
variety of processes including feeding, water balance, 
energy metabolism, general arousal/attention state, memory 
and cognitive functions, and psychiatric disorders (for 
reviews, see Baker, 1991; Baker, 1994; Nahon, 1994; Knigge 
et al . / 1996). Its role in feeding or body weight 
regulation is supported by a recent Nature publication (Qu 

et al . , 1996) demonstrating that MCH is overexpressed in the 
hypothalamus of oh/ ah mice compared with ob/+ mice, and that 

fasting further increased MCH mRNA in both obese and normal 
mice during fasting. MCH also stimulated feeding in normal 
rats when injected into the lateral ventricles (Rossi et 
al . , 1997). MCH also has been reported to functionally 
antagonize the behavioral effects of a-MSH (Miller et al . , 
1993 ; Gonzalez et al, 1996; Sanchez et al . , 1997); in 
addition, stress has been shown to increase POMC mRNA levels 
while decreasing the MCH precursor preproMCH (ppMCH) mRNA 
levels (Presse et al . , 1992). Thus MCH may serve as an 
integrative neuropeptide involved in the reaction to stress, 
as well as in the regulation of feeding and sexual activity 
(Baker, 1991; Knigge et al . , 1996). 

The gene encoding the MCH precursor (ppMCH) has been cloned 
and encodes two additional peptides, neuropeptide EI (13 AA) 
and neuropeptide GE (19AA) (Nahon et al . , 1989), which may 
also have biological activity. MCH peptide is synthesized 
primarily in hypothalamic neurons (the zona incerta and 
lateral hypothalamus) which project diffusely to many brain 
areas and to the pituitary (Bittencourt et al . , 1992); NEI 
has also been identified in medium from explanted 
hypothalamic neurons (Parkes and Vale, 1993) . Localization 



studies of the mRNA indicate that MCH is also present in the 
periphery (testes and GI tract; Hervieu and Nahon, 1995) but 
the highest concentrations are in the hypothalamus. There 
is also evidence for differential tissue-dependent 
processing of proMCH in mammals. A shorter MCH gene 
transcript that may result from alternate splicing was found 
in several brain areas and peripheral tissues, and a 
different peptide form was also found in the periphery 
(Viale et al , , 1997). In humans, the gene encoding 
authentic MCH has been localized to chromosome 12, but two 
copies of a variant (truncated) gene are present on 
chromosome 5 (Breton et al., 1993); the functional 
significance, if any, of the variant is not yet known. 
Finally, the rat MCH gene may encode an additional putative 
peptide in a different reading frame (Toumaniantz et al . , 
1996) . 

Although the biological effects of MCH are believed to be 
mediated by specific receptors, binding sites for MCH have 
not been well described. A tritiated ligand ( [^H] -MCH) was 
reported to exhibit specific binding to brain membranes but 
was unusable for saturation analyses, so neither affinity 
nor B„«>; were determined (Drozdz and Eberle, 1995) . 
Radioiodination of the tyrosine at position thirteen 
resulted in a ligand with dramatically reduced biological 
activity (see Drozdz and Eberle, 1995) . In contrast, the 
radioiodination of the MCH analogue [Phe^^ , Tyr^^] -MCH was 
successful (Drozdz et al . , 1995); the ligand retained 
biological activity and exhibited specific binding to a 
variety of cell lines including mouse melanoma (B16-F1, G4F, 
and G4F-7) , PC12, and COS cells. In G4F-7 cells, the Kp = 
0.118nM and the B„a>: ^1100 sites/cell. Importantly, the 
binding was not inhibited by a-MSH but was weakly inhibited 
by rat ANF (Ki = 116 nM vs . 12 nM for native MCH) (Drozdz et 
al., 1995). More recently specific MCH binding was reported 
in transformed keratinocytes (Burgaud et al . , 1997) and 
melanoma cells (Drozdz et al . , 1998) , where photo- 
crosslinking studies suggest that the receptor is a membrane 
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protein with an apparent molecular weight of 45-50 kDaltons, 
compatible with the molecular weight range of the GPCR 
superf amily of receptors . No radioautoradiographic studies 
of MCK receptor localization using this ligand have been 
5 reported as yet. 

Signal transduction mechanisms for MCH receptors remain 
obscure. No direct evidence supporting G-protein coupling 
exists in mammals, but two lines of weak evidence exist in 
10 teleost fish for G^^- and/or G^^- type coupling: 1) indirect 

evidence exists for MCH acting via phospholipase C in 
teleost fish melanophores (phospholipase C inhibitors and 
protein kinase C inhibitors shift the MCH dose-response 
curve to the right, and TPA mimics MCH at low doses (Abrao 
15 et al., 1991)); and 2) MCH-elicited pigment aggregation in 

fish melanophores is associated with a reduction in basal 
cAMP levels , similar to that observed with norepinephrine 
(Svensson et al . , 1991; Morishita et al . , 1993). Arguing 
against G-protein coupling is the general structural 
20 homology of MCH with ANF, whose receptors are not in the 

GPCR superf amily. Recently the actions of MCH were reported 
to be mediated via activation of a phosphatidylinositol-3- 
kinase pathway which is typical of tyrosine kinase and 
cytokine receptors (Qu et al . , 1998); however, since 
25 multiple signaling pathways (receptor cross talk) may 

produce this mediator no conclusions can be reached 
regarding MCH signal transduction pathways in mammalian 
systems . 

30 The localization and biological activities of MCH peptide 

suggest that the modulation of MCH receptor activity may be 
useful in a number of therapeutic applications. The role of 
MCH in feeding is the best characterized of its potential 
clinical uses. MCH is expressed in the lateral 

35 hypothalamus, a brain area implicated in the regulation of 

thirst and hunger (Grillon et al,, 1997); recently orexins 
A and B, which are potent orexigenic agents, have been shown 
to have very similar localization to MCH in the lateral 



hypothalamus (Sakurai et al . , 1998) . MCH mRNA levels in 
this brain region are increased in rats after 24 hours of 
food-deprivation (Herve and Fellman, 1997) ; after insulin 
in j ection, a significant increase in the abundance and 
staining intensity of MCH immunoreact ive perikarya and 
fibres was observed concurrent with a significant increase 
in the level of MCH mRNA (Bahjaoui -Bouhaddi et al . , 1994). 
Consistent with the ability of MCH to stimulate feeding in 
rats (Rossi et al . , 1997) is the observation that MCH mRNA 
levels are upregulated in the hypothalami of obese oh/ob 

mice (Qu et al . , 1996), and decreased in the hypothalami of 
rats treated with leptin, whose food intake and body weight 
gains are also decreased (Sahu, 1998). MCH appears to act 
as a functional antagonist of the melanocortin system in its 
effects on food intake and on hormone secretion within the 
HPA (hypothalamopituitary/adrenal axis) (Ludwig et al . , 
1998). Together these data suggest a role for endogenous MCH 
in the regulation of energy balance and response to stress, 
and provide a rationale for the development of specific 
compounds acting at MCH receptors for use in the treatment 
of obesity and stress-related disorders. 

In all species studied to date , a ma j or portion of the 
neurons of the MCH cell group occupies a rather constant 
location in those areas of the lateral hypothalamus and 

* 

subthalamus where they lie and may be a part of some of the 
so-called "extrapyramidal" motor circuits. These involve 
substantial striate- and pallidofugal pathways involving the 
thalamus and cerebral cortex, hypothalamic areas, and 
reciprocal connections to subthalamic nucleus , substantia 
nigra, and mid-brain centers (Bittencourt et al . , 1992). In 
their location, the MCH cell group may offer a bridge or 
mechanism for expressing hypothalamic visceral activity with 
appropriate and coordinated motor activity. Clinically it 
may be of some value to consider the involvement of this MCH 
system in movement disorders, such as Parkinson's disease 
and Huntingdon's Chorea in which extrapyramidal circuits are 
known to be involved. 



Human genetic linkage studies have located authentic hMCK 
loci on chromosome 12 (12q23-24) and the variant hMCH loci 
on chromosome 5 (5gl2-13) (Pedeutour et al . , 1994). Locus 
12q23-24 coincides with a locus to which autosomal dominant 
cerebellar ataxia type II (SCA2) has been mapped (Auburger 
et al., 1992; Twells et al . , 1992). This disease comprises 
neurodegenerative disorders, including an 

olivopontocerebellar atrophy. Furthermore, the gene for 
Darier's disease, has been mapped to locus 12q23-24 
(Craddock et al., 1993). Dariers ' disease is characterized 
by abnormalities I keratinocyte adhesion and mental 
illnesses in some families. In view of the functional and 
neuroanatomical patterns of the MCH neural system in the rat 
and human brains, the MCH gene may represent a good 
candidate for SCA2 or Darier's disease. Interestingly, 
diseases with high social impact have been mapped to this 
locus. Indeed, the gene responsible for chronic or acute 
forms of spinal muscular atrophies has been assigned to 
chromosome 5ql2-13 using genetic linkage analysis (Melki et 
al . , 1990; Westbrook et al . , 1992). Furthermore, 
independent lines of evidence support the assignment of a 
major schizophrenia locus to chromosome 5gll-2-13.3 
(Sherrington et al , , 1988; Bassett et al . , 1988; Gilliam et 
al . , 1989). The above studies suggest that MCH may play a 
role in neurodegenerative diseases and disorders of emotion. 

Additional therapeutic applications for MCH-related 
compounds are suggested by the observed effects of MCH in 
other biological systems. For example, MCH may regulate 
reproductive functions in male and female rats. MCH 
transcripts and MCH peptide were found within germ cells in 
testes of adult rats, suggesting that MCH may participate in 
stem cell renewal and/or differentiation of early 
spermatocytes (Hervieu et al . , 1996), MCH injected directly 
into the medial preoptic area (MPOA) or ventromedial nucleus 
(VMN) stimulated sexual activity in female rats (Gonzalez et 
al,, 1996). In ovariectomized rats primed with estradiol, 
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MCH stimulated luteinizing hormone (LH) release while anti- 
MCH antiserum inhibited LK release (Gonzalez et al . , 1997). 
The zona incerta, which contains a large population of MCH 
cell bodies, has previously been identified as a regulatory 
5 site for the pre-ovulatory LH surge (MacKenzie et al . , 

1984). MCH has been reported to influence release of 
pituitary hormones including ACTH and oxytocin. MCH 
analogues may also be useful in treating epilepsy. In the 
PTZ seizure model, injection of MCH prior to seizure 
10 induction prevented seizure activity in both rats and guinea 

pigs, suggesting that MCH- containing neurons may participate 
in the neural circuitry underlying PTZ- induced seizure 
(Knigge and Wagner, 1997) . MCH has also been observed to 
affect behavioral correlates of cognitive functions. MCH 
15 treatment hastened extinction of the passive avoidance 

response in rats (McBride et al . , 1994), raising the 
possibility that MCH receptor antagonists may be beneficial 
for memory storage and/or retention. A possible role for 
MCH in the modulation or perception of pain is supported by 
20 the dense innervation of the periaqueductal grey (PAG) by 

MCH-positive fibers. Finally, MCH may participate in the 
regulation of fluid intake. ICV infusion of MCH in 
conscious sheep produced diuretic, natriuretic, and 
kaliuretic changes in response to increased plasma volume 
25 (Parkes, 1996) . Together with anatomical data reporting the 

presence of MCH in fluid regulatory areas of the brain, the 
results indicate that MCH may be an important peptide 
involved in the central control of fluid homeostasis in 
mammals . 
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SUMMARY OF THE TNVEKTION 

This invention provides an isolated nucleic acid encoding a 
human MCHl receptor or a mutant of such human MCHl receptor 
5 which is activated by MCH or an analog or homolog thereof. 

This invention provides a nucleic acid encoding a human MCHl 
receptor, wherein the nucleic acid (a) hybridizes to a 
nucleic acid having the defined sequence shown in Figure 1 

10 (SEQ ID NO: 1) under low stringency conditions or a sequence 

complementary thereto and (b) is further characterized by 
its ability to cause a change in the pH of a culture of CHO 
cells when an MCHl ligand is added to the culture and the 
CHO cells contain the nucleic acid which hybridized to the 

15 nucleic acid having the defined sequence or its complement. 

This invention provides a purified human MCHl receptor 
protein . 

20 This invention provides a vector comprising a nucleic acid 

encoding a human MCHl receptor, particularly a vector 
adapted for expression of the human MCHl receptor in 
mammalian or non-mammalian cells. One such vector is a 
plasmid designated pEXJ . HR-TL231 (ATCC Accession No. 203197) 

25 which comprises a nucleotide sequence encoding a human MCHl 

receptor. 

This invention also provides a cell comprising a vector 
which comprises a nucleic acid encoding a human MCHl 
30 receptor as well as a membrane preparation isolated from 

such cells. 

This invention further provides a nucleic acid probe 
comprising at least 15 nucleotides which specifically 
35 hybridizes with a nucleic acid encoding a mammalian MCHl 

receptor, wherein the probe has a unique sequence 
corresponding to a sequence present within the nucleic acid 
which encodes the human MCHl receptor or its complement. 



both of which are present in plasmid pEXJ . HR-TL23 1 (ATCC 
Accession No, 203197) , 

This invention further provides a nucleic acid probe 
comprising at least 15 nucleotides which specifically 
hybridizes with a nucleic acid encoding a mammalian MCHl 
receptor, wherein the probe has a unique sequence 
corresponding to a sequence present within (a) the nucleic 
acid sBquBUce shown in Figure 1 (SEQ ID NO: 1) or (b) the 
reverse complement thereof. 

This invention also provides an antisense oligonucleotide 
having a sequence capable of specifically hybridizing an RNA 
encoding a human MCHl receptor, so as to prevent translation 
of the RNA and an antisense oligonucleotide having a 
sequence capable of specifically hybridizing to the genomic 
DNA encoding a human MCHl receptor. 

This invention further provides an antibody capable of 
binding to a human MCHl receptor as well as an agent capable 
of competitively inhibiting the binding of the antibody to 
a human MCHl receptor. 

This invention provides a pharmaceutical composition 
comprising (a) an amount of the oligonucleotide described 
above capable of passing through a cell membrane and 
effective to reduce expression of a human MCHl receptor and 
(b) a pharmaceutically acceptable carrier capable of passing 
through the cell membrane. 

Moreover, this invention provides a transgenic, nonhuman 
mammal expressing DNA encoding a human MCHl receptor. This 
invention also provides a transgenic, nonhuman mammal 
comprising a homologous recombination knockout of the native 
human MCHl receptor. This invention further provides a 
transgenic, nonhuman mammal whose genome comprises antisense 
DNA complementary to the DNA encoding a human MCHl receptor 
so placed within the genome as to be transcribed into 



antisense mRNA which is complementary to mRNA encoding the 
human MCHl receptor and which hybridizes to mRNA encoding 
the human MCHl receptor, thereby reducing its translation. 

In one embodiment this invention provides a process for 
identifying a chemical compound which specifically binds to 
a mammalian MCHl receptor which comprises contacting cells 
containing DNA encoding and expressing on their cell surface 
a mammalian MCHl receptor, wherein such cells do not 
normally express the mammalian MCHl receptor, with the 
compound under conditions suitable for binding,. and 
detecting specific binding of the chemical compound to the, 
mammalian MCHl receptor. 

This invention provides a process for identifying a chemical 
compound which specifically binds to a mammalian MCHl 
receptor which comprises contacting a membrane preparation 
from cells transfected with DNA encoding and expressing on 
their cell surface the mammalian MCHl receptor, wherein such 
cells do not normally express the mammalian MCHl receptor, 
with the compound under conditions suitable for binding, and 
detecting specific binding of the chemical compound to the 
mammalian MCHl receptor. 

This invention provides a process involving competitive 
binding for identifying a chemical compound which 
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specifically binds to a mammalian MCHl receptor which 
comprises separately contacting cells expressing on their 
cell surface the mammalian MCHl receptor, wherein such cells 
do not normally express the mammalian MCHl receptor, with 
both the chemical compound and a second chemical compound 
known to bind to the receptor, and with only the second 
chemical compound, under conditions suitable for binding of 
both compounds, and detecting specific binding of the 
chemical compound to the mammalian MCHl receptor, a decrease 
in the binding of the second chemical compound to the 
mammalian MCHl receptor in the presence of the chemical 
compound indicating that the chemical compound binds to the 



mammalian MCHl receptor. 



This invention provides a process involving competitive 
binding for identifying a chemical compound which 
specifically binds to a mammalian MCHl receptor which 
comprises separately contacting a membrane fraction from a 
cell extract of cells expressing on their cell surface the 
mammalian MCHl receptor, wherein such cells do not normally 
express the mammalian MCHl receptor, with both the chemical 
compound and a second chemical compound known to bind to the 
receptor, and with only the second chemical compound, under 
conditions suitable for binding of both compounds, and 
detecting specific binding of the chemical compound to the 
mammalian MCHl receptor, a decrease in the binding of the 
second chemical compound to the mammalian MCHl receptor in 
the presence of the chemical compound indicating that the 
chemical compound binds to the mammalian MCHl receptor. 

This invention provides a method of screening a plurality of 
chemical compounds not known to bind to a mammalian MCHl 
receptor to identify a compound which specifically binds to 
the mammalian MCHl receptor, which comprises (a) contacting 
cells transfected with and expressing DNA encoding the 
mammalian MCHl receptor with a compound known to bind 
specifically to the mammalian MCHl receptor; (b) contacting 
the preparation of step (a) with the plurality of compounds 
not known to bind specifically to the mammalian MCHl 
receptor, under conditions permitting binding of compounds 
known to bind the mammalian MCHl receptor; (c) determining 
whether the binding of the compound known to bind to the 
mammalian MCHl receptor is reduced in the presence of the 
compounds within the plurality of compounds, relative to the 
binding of the compound in the absence of the plurality of 
compounds; and if so (d) separately determining the binding 
to the mammalian MCHl receptor of compounds included in the 
plurality of compounds, so as to thereby identify the 
compound which specifically binds to the mammalian MCHl 
receptor . 



This invention provides a method of screening a plurality of 
chemical compounds not known to bind to a mammalian MCKl 
receptor to identify a compound which specifically binds to 
the mammalian MCHl receptor, which comprises (a) contactino 
a membrane preparation from cells transfected with and 
expressing DNA encoding a mammalian MCHl receptor w^'-h a 
compound known to bind specifically to the mammalian MCHl 
receptor; (b) contacting the preparation of step (a) with 
the plurality of compounds not known to bind specifically to 
the mammalian MCHl receptor, under conditions permitting 
banding of compounds known to bind the mammalian MCHl 
receptor; (c) determining whether the binding of the 
compound known to bind to the mammalian MCHl receptor is 
reduced in the presence of the compounds within the 
plurality of compounds, relative to the binding of the 

compound in the absence of the clural-irv ^-f 

Plurality of compounds; and 

if so (d) separately determining the binding to the 
mammalian MCHl receptor of compounds included in the 
plurality of compounds, so as to thereby identify the 
compound which specifically binds to the mammalian MCHl 
receptor. 

This invention provides a method of detecting expression of 
a mammalian MCHl receptor by detecting the presence of mRNA 
coding for the mammalian MCHl receptor which comprises 
obtaining total mRNA from the cell and contacting the mRNA 
so obtained with a nucleic acid probe under hybridizing 
conditions, detecting the presence of mRNA hybridizing to 
the probe, and thereby detecting the expression of the 
mammalian MCHl receptor by the cell. 

This invention provides a method of detecting the presence 
of a mammalian MCHl receptor on the surface of a cell which 
comprises contacting the cell with an antibody under 
conditions permitting binding of the antibody to the 
receptor, detecting the presence of the antibody bound to 
the cell, and thereby detecting the presence of the 
mammalian MCHl receptor on the surface of the cell 



This- invention provides a method of determining the 
physiological effects of varying levels of activity of human 
MCHl receptors which comprises producing a transgenic, 
nonhuman mammal whose levels of human MCHl receptor activity 
are varied by use of an inducible promoter which regulates 
human MCHl receptor expression. 

This invention provides a method of determining the 
physiological effects of varying levels of activity of human 
MCHl receptors which comprises producing a panel of 
transgenic, nonhuman mammals each expressing a different 
amount of human MCHl receptor. 

This invention provides a method for identifying an 
antagonist capable of alleviating an abnormality wherein the 
abnormality is alleviated by decreasing the activity of a 
human MCHl receptor comprising administering a compound to 
the transgenic, nonhuman mammal and determining whether the 
compound alleviates the physical and behavioral ^ 
abnormalities displayed by the transgenic, nonhuman mammal 
as a result of overactivity of a human MCHl receptor, the 
alleviation of the abnormality identifying the compound as 
an antagonist. This invention also provides an antagonist 
identified by this method. This invention further provides 
a pharmaceutical composition comprising an antagonist 
identified by this method and a pharmaceutically acceptable 
carrier. 

This invention provides a method of treating an abnormality 
in a subject wherein the abnormality is alleviated by 
decreasing the activity of a human MCHl receptor which 
comprises administering to the subject an effective amount 
of this pharmaceutical composition, thereby treating the 
abnorma 1 i t y . 

This invention provides a method for identifying an agonist 
capable of alleviating an abnormality in a subject wherein 
the cibnormality is alleviated by increasing the activity of 



a human MCHl receptor comprising administering a compound to 
a transgenic, nonhuman mammal, and determining whether the 
compound alleviates the physical and behavioral 
abnormalities displayed by the transgenic, nonhuman mammal, 
the alleviation of the abnormality identifying the compound 
as an agonist. This invention also provides an agonist 
identified by this method. This invention further provides 
a pharmaceutical composition comprising an agonist 
identified by this method and a pharmaceutically acceptable 
carrier. This invention provides a method of treating an 
abnormality in a subject wherein the abnormality is 
alleviated by increasing the activity of a human MCHl 
receptor which comprises administering to the subject an 
effective amount of this pharmaceutical composition, thereby 
treating the abnormality. 

This invention provides a method for diagnosing a 
predisposition to a disorder associated with the activity of 
a specific mammalian allele which comprises: (a) obtaining 
DNA of subjects suffering from the disorder; (b) performing 
a restriction digest of the DNA with a panel of restriction 
enzymes; (c) electrophoretically separating the resulting 
DNA fragments on a sizing gel; (d) contacting the resulting 
gel with a nucleic acid probe capable of specifically 
hybridizing with a unique sequence included within the 
sequence of a nucleic acid molecule encoding a human MCHl 
receptor and labeled with a detectable marker; (e) detecting 
labeled bands which have hybridized to the DNA encoding a 
human MCHl receptor labeled with a detectable marker to 
create a unique band pattern specific to the DNA of subjects 
suffering from the disorder; (f) preparing DNA obtained for 
diagnosis by steps (a) - (e) ; and (g) comparing the unique 
band pattern specific to the DNA of subjects suffering from 
the disorder from step (e) and the DNA obtained for 
diagnosis from step (f) to determine whether the patterns 
are the same or different and to diagnose thereby 
predisposition to the disorder if the patterns are the same. 



This invention provides a method of preparing a purified 
human MCHl receptor which comprises: (a) inducing cells to 
express the human MCHl receptor; (b) recovering the human 
MCHl receptor from the induced cells; and (c) purifying the 
human MCHl receptor so recovered. 

This invention provides a method of preparing a purified 
human MCHl receptor which comprises: (a) inserting nucleic 
acid encoding the human MCHl receptor in a suitable vector; 
(b) introducing the resulting vector in a suitable host 
cell; (c) placing the resulting cell in suitable condition 
permitting the production of the isolated human MCHl 
receptor; (d) recovering the human MCHl receptor produced by 
the resulting cell; and (e) purifying the human MCHl 
receptor so recovered. 

This invention provides a process for determining whether a 
chemical compound is a mammalian MCHl receptor agonist which 
comprises contacting cells transfected with and expressing 
DNA encoding the mammalian MCHl receptor with the compound 
under conditions permitting the activation of the mammalian 
MCHl receptor, and . detecting an increase in mammalian MCHl 
receptor activity, so as to thereby determine whether the 
compound is a mammalian MCHl receptor agonist . This 
invention also provides a pharmaceutical composition which 
comprises an amount of a mammalian MCHl receptor agonist 
determined by this process effective to increase activity of 
a mammalian MCHl receptor and a pharmaceutically acceptable 
carrier. 

This invention provides a process for determining whether a 
chemical compound is a mammalian MCHl receptor antagonist 
which comprises contacting cells transfected with and 
expressing DNA encoding the mammalian MCHl receptor with the 
compound in the presence of a known mammalian MCHl receptor 
agonist, under conditions permitting the activation of the 
mammalian MCHl receptor, and detecting a decrease in 
mammalian MCHl receptor activity, so as to thereby determine 



-16 



whether the compound is a mammalian MCHl receptor 
antagonist. This invention also provides a pharmaceutical 
composition which comprises an amount of a mammalian MCHl 
receptor antagonist determined by this process effective to 
5 reduce activity of a mammalian MCHl receptor and a 

pharmaceutically acceptable carrier. 

This invention provides a process for determining whether a 
chemical compound specifically binds to and activates a 
mammalian MCHl receptor, which comprises contacting cells 
producing a second messenger response and expressing on 
their cell surface the mammalian MCHl receptor, wherein such 
cells do not normally express the mammalian MCHl receptor, 
with the chemical compound under conditions suitable for 
activation of the mammalian MCHl receptor, and measuring the 
second messenger response in the presence and in the absence 
of the chemical compound, a change in the second messenger 
response in the presence of the chemical compound indicating 
that the compound activates the mammalian MCHl receptor. 
This invention also provides a compound determined by this 
process. This invention further provides a pharmaceutical 
composition which comprises an amount of the compound (a 
MCHl receptor agonist) determined by this process effective 
to increase activity of a mammalian MCHl receptor and a 
pharmaceutically acceptable carrier. 

This invention provides a process for determining whether a 
chemical compound specifically binds to and inhibits 
activation of a mammalian MCHl receptor, which comprises 
30 separately contacting cells producing a second messenger 

response and expressing on their cell surface the mammalian 
MCHl receptor, wherein such cells do not normally express 
the mammalian MCHl receptor, with both the chemical compound 
and a second chemical compound known to activate the 
35 mammalian MCHl receptor, and with only the second chemical 

compound, under conditions suitable for activation of the 
mammalian MCHl receptor, and measuring the second messenger 
response in the presence of only the second chemical 
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compound and in the presence of both the second chemical 
compound and the chemical compound, a smaller change in the 
second messenger response in the presence of both the 
chemical compound and the second chemical compound than in 
5 the presence of only the second chemical compound indicating 

that the chemical compound inhibits activation of the 
mammalian MCHl receptor. This invention also provides a 
compound determined by this process. This invention further 
provides a pharmaceutical composition which comprises an 
10 amount of the compound (a mammalian MCHl receptor 

antagonist) determined by this effective to reduce activity 
of a mammalian MCHl receptor and a pharmaceutically 
O acceptable carrier. 

m 15 This invention provides a method of screening a plurality of 

chemical compounds not knovm to activate a mammalian MCHl 
Sr receptor to identify a compound which activates. - the 

mammalian MCHl receptor which comprises: (a) contacting 
Q cells transfected with and expressing the mammalian MCHl 

P 20 receptor with the plurality of compounds not known to. 

]:i activate the mammalian MCHl receptor, under conditions 

□ permitting activation of the mammalian MCHl receptor; (b) 

= determining whether the activity of the mammalian MCHl 

receptor is increased in the presence of the compounds; and 
25 if so (c) separately determining whether the activation of 

the mammalian MCHl receptor is increased by each compound 
included in the plurality of compounds, so as to thereby 
identify the compound which activates the mammalian MCHl 
receptor. This invention also provides a compound 

30 identified by this method. This invention further provides 

a pharmaceutical composition which comprises an amount of 
the compound (a mammalian MCHl receptor agonist) identified 
by this method effective to increase activity of a mammalian 
MCHl receptor and a pharmaceutically acceptable carrier, 

35 

This invention provides a method of screening a plurality of 
chemical compounds not known to inhibit the activation of a 
mammalian MCHl receptor to identify a compound which 



inhibics the activation of the niammalian MCHl receptor, 
which comprises: (a) contacting cells transfected with and 
expressing the mammalian MCHl receptor with the plurality of 
compounds in the presence of a known mammalian MCHl receptor 
agonist, under conditions permitting activation of the 
mammalian MCHl receptor; (b) determining whether the 
activation of the mammalian MCHl receptor is reduced in the 
presence of the plurality of compounds, relative to the 
activation of the mammalian MCHl receptor in the absence of 
the plurality of compounds; and if so (c) separately 
determining the inhibition of activation of the mammalian 
MCHl receptor for each compound included in the plurality of 
compounds, so as to thereby identify the compound which 
inhibits the activation of the mammalian MCHl receptor. 
This invention also provides a compound identified by this 
method. This invention further provides a pharmaceutical 
composition which comprises an amount of the compound (a 
mammalian MCHl receptor antagonist) identified by this 
process effective to decrease activity of a mammalian MCHl 
receptor and a pharmaceutically acceptable carrier. 

This invention provides a method of treating an abnormality 
in a subject wherein the abnormality is alleviated by 
increasing the activity of a mammalian MCHl receptor which 
comprises administering to the subject an amount of a 
compound which is a mammalian MCHl receptor agonist 
effective to treat the abnormality. 

This invention provides a method of treating an abnormality 
in a subject wherein the abnormality is alleviated by 
decreasing the activity of a mammalian MCHl receptor which 
comprises administering to the subject an amount of a 
compound which is a mammalian MCHl receptor antagonist 
effective to treat the abnormality. 

This invention provides a process for making a composition 
of matter which specifically binds to a mammalian MCHl 
receptor which comprises identifying a chemical compound 



using any of the processes described herein for identifying 
a compound which binds to and/or activates or inhibits 
activation of a mammalian MCHl receptor and then 
synthesizing the chemical compound or a novel structural and 
functional analog or homolog thereof. This invention 
further provides a process for preparing a pharmaceutical 
composition which comprises administering a pharmaceutically 
acceptable carrier and a pharmaceutically acceptable amount 
of a chemical compound identified by any of the processes 
described herein for identifying a compound which binds to 
and/or activates or inhibits activation of a mammalian MCHl 
receptor or a novel structural and functional analog or 
homolog thereof. 

This invention provides a process for determining whether a 
chemical compound is a human MCKl receptor antagonist which 
comprises contacting cells transfected with and expressing 
DNA encoding the human MCHl receptor with the compound in 
the presence of a known human MCHl receptor agonist, under 
conditions permitting the activation of the human MCHl 
receptor, and detecting a decrease in human MCHl receptor 
activity, so as to thereby determine whether the compound is 
a human MCHl receptor antagonist, wherein the DNA encoding 
the human MCHl receptor comprises the sequence shown in 
Figure 1 (Seq. ID No. 1) or contained in plasmid pEXJ.HR- 
TL231 (ATCC Accession No. 203197) , the known human MCHl 
receptor agonist is MCH or a homolog or analog of MCH, and 
the cells do not express the MCHl receptor prior to 
transf ecting them . 

This invention also provides a process for determining 
whether a chemical compound specifically binds to and 
inhibits activation of a human MCHl receptor, which 
comprises separately contacting cells expressing on their 
cell surface the human MCHl receptor and producing a second 
messenger response upon activation of the human MCHl 
receptor, wherein such cells do not normally express the 
human MCHl receptor and the DNA encoding the human MCHl 
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receptor comprises the sequence shown in Figure 1 (Seq. ID 
No. 1) or contained in plasmid pEXJ . HR-TL23 1 (ATCC Accession 
No. 2 03197) , with both the chemical compound and a second 
chemical compound known to activate the human MCHl receptor, 
and with only the second chemical compound, under conditions 
suitable for activation of the human MCHl receptor, and 
measuring the second messenger response in the presence of 
only the second chemical compound and in the presence of 
both the second chemical compound and the chemical compound, 
a smaller change in the second messenger response in the 
presence of both the chemical compound and the second 
chemical compound than in the presence of only the second 
chemical compound indicating that the chemical compound 
inhibits activation of the human MCHl receptor, wherein the 
second chemical compound is MCH or a homolog or analog of 
MCH. 

This invention further provides a method of screening a 
plurality of chemical compounds not known to inhibit the 
activation of a human MCHl receptor to identify a compound 
which inhibits the activation of the human MCHl receptor, 
which comprises: 

(a) contacting cells transfected with and expressing the 
human MCHl receptor, wherein such cells do not 
normally express the human MCHl receptor and the DNA 
encoding the human MCHl receptor comprises the 
sequence shown in Figure 1 (Seq. ID No. 1) or 
contained in plasmid pEXJ.HR-TL231 (ATCC Accession No. 
203197) , with the plurality of compounds in the 
presence of a known human MCHl receptor agonist, under 
conditions permitting activation of the human MCHl 
receptor, wherein the known MCHl receptor agonist is 
MCH or a homolog or analog of MCH; 



(b) 



determining whether the activation of the human MCHl 
receptor is reduced in the presence of the plurality 
of compounds, relative to the activation of the human 



MCHl receptor in the absence of the plurality of 
compounds; and if so 



(c) separately determining the extent of inhibition of 
activation of the human MCKl receptor for each 
compound included in the plurality of compounds, so as 
to thereby identify the compound which inhibits the 
activation of the human MCHl receptor. 

This invention provides a process for making a composition 
of matter which specifically binds to a human MCHl receptor 
which comprises identifying a chemical compound which 
specifically binds to the human MCKl receptor and then 
synthesizing the chemical compound or a structural and 
functional analog or homolog thereof, wherein the chemical 
compound is identified as binding to the human MCHl receptor 
by a process involving competitive binding which comprises 
contacting cells expressing on their cell surface the human 
MCHl receptor, with both the chemical compound and a second 
chemical compound known to bind to the receptor, and 
separately with only the second chemical compound, under 
conditions suitable for binding of both compounds, and 
detecting the extent of specific binding of the chemical 
compound to the human MCHl receptor, a decrease in the 
binding of the second chemical compound to the human MCHl 
receptor in the presence of the chemical compound indicating 
that the chemical compound binds to the human MCHl receptor, 
wherein the cells do not normally express the human MCHl 
receptor, the human MCHl receptor is encoded by nucleic acid 
comprising the sequence shown in Figure 1 (Seq. ID No. 1) or 
contained in plasmid pEXJ . HR-TL231 (ATCC Accession No. 
203197)/ and the second chemical compound is MCH or a 
homolog or analog of MCH. 

This invention further provides a process for making a 
composition of matter which specifically binds to a human 
MCHl receptor which comprises identifying a chemical 
compound which specifically binds to the human MCHl receptor 



and then synthesizing the chemical compound or a structural 
and functional analog or homolog thereof, wherein the 
chemical compound is identified as binding to the human MCHl 
receptor by a process involving competitive binding which 
comprises contacting a membrane preparation from cells 
expressing on their cell surface the human MCHl receptor, 
with both the chemical compound and a second chemical 
compound known to bind to the receptor, and separately with 
only the second chemical compound, under conditions suitable 
for binding of both compounds, and detecting the extent of 
specific binding of the chemical compound to the human MCHl 
receptor, a decrease in the binding of the second chemical 
compound to the human MCHl receptor in the presence of the 
chemical compound indicating that the chemical compound 
binds to the human MCHl receptor, wherein the cells do not 
normally express the human MCHl receptor, the human MCHl 
receptor is encoded by nucleic acid comprising the sequence 
shown in Figure 1 (Seq, ID No . 1) or contained in plasmid 
pEXJ . HR-TL.231 (ATCC Accession No. 203197), and the second 
chemical compound is MCH or a homolog or analog of MCH. 

This invention also provides a process for making a 
composition of matter which is a human MCHl receptor 
antagonist which comprises identifying a chemical compound 
which is a human MCHl receptor antagonist and then 
synthesizing the chemical compound or a structural and 
functional analog or homolog thereof, wherein the chemical 
compound is identified as a human MCHl receptor antagonist 
by a process which comprises contacting cells transfected 
with and expressing DNA encoding the human MCHl receptor 
with the compound in the presence of a known human MCHl 
receptor agonist, under conditions permitting the activation 
of the human MCHl receptor, and detecting a decrease in 
human MCHl receptor activity, so as to thereby determine 
whether the compound is a human MCHl receptor antagonist, 
wherein the cells do not normally express the human MCHl 
receptor, the human MCHl receptor is encoded by nucleic acid 
comprising the sequence shown in Figure 1 (Seq. ID No, 1) or 



contained in plasmid pEXJ . HR-TL23 1 (ATCC Accession No. 
203197) , and the known human MCHl receptor agonist is MCH or 
a homolog or analog of MCH. 

This inventions still further provides a process for making 
a composition of matter which specifically binds to and 
inhibits the activation of a human MCHl receptor which 
comprises identifying a chemical compound which specifically 
binds to and inhibits the . activation of the human MCHl 
receptor and then synthesizing the chemical compound or a 
structural and functional analog or homolog thereof, wherein 
the chemical compound is identified as binding to and 
inhibiting the activation of the human MCHl receptor by a 
process which comprises separately contacting cells 
expressing on their cell surface the human MCHl receptor and 
producing a second messenger response upon activation of the 
human MCHl receptor, wherein such cells do not normally 
express the human MCHl receptor and the human MCHl receptor 
is encoded by nucleic acid comprising the sequence shown in 
Figure 1 (Seq. ID No. 1) or contained in plasmid pEXJ.HR- 
TL231 (ATCC Accession No. 203197), with both the chemical 
compound and a second chemical compound known to activate 
the human MCHl receptor, and with only the second chemical 
compound, under conditions suitable for activation of the 
human MCHl receptor, and measuring the second messenger 
response in the presence of only the second chemical 
compound and in the presence of both the second chemical 
compound and the chemical compound, a smaller change in the 
second messenger response in the presence of both the 
chemical compound and the second chemical compound than m 
the presence of only the second chemical compound indicating 
that the chemical compound inhibits activation of the human 
MCHl receptor, wherein the second chemical compound is MCH 
or a homolog or analog of MCH. 

This invention provides a process for preparing a 
composition which comprises identifying a chemical compound 
which specifically binds to a human MCHl receptor, and then 



admixing a carrier and the chemical compound or a structural 
and functional analog or homolog thereof, wherein the 
chemical compound is identified as binding to the human MCHl 
receptor by a process involving competitive binding which 
comprises contacting cells expressing on their cell surface 
the human MCHl receptor, with both the chemical compound and 
a second chemical compound known to bind to the receptor, 
and separately with only the second chemical compound, under 
conditions suitable for binding of both compounds, and 
detecting the extent of specific binding of the chemical 
compound to the human MCHl receptor, a decrease in the 
binding of the second chemical compound to the human MCHl 
receptor in the presence of the chemical compound indicating 
that the chemical compound binds to the human MCHl receptor, 
wherein the cells do not normally express the human MCHl 
receptor, the human MCHl receptor is encoded by nucleic acid 
comprising the sequence shown in Figure 1 (Seq. ID No. 1) or 
contained in plasmid pEXJ . HR-TL231 (ATCC Accession No. 
203197) , and the second chemical compound is MCH or a 
homolog or analog of MCH. 

This invention further provides a process for preparing a 
composition which comprises identifying a chemical compound 
which specifically binds to a human MCHl receptor, and then 
admixing a carrier and the chemical compound or a structural 
and functional analog or homolog thereof, wherein the 
chemical compound is identified as binding to the human MCHl 
receptor by a process involving competitive binding which 
comprises contacting a membrane preparation from cells 
expressing on their cell surface the human MCHl receptor, 
with both the chemical compound and a second chemical 
con^^ound known to bind to the receptor, and separately with 
only the second chemical compound, under conditions suitable 
for binding of both compounds, and detecting the extent of 
specific binding of the chemical compound to the human MCHl 
receptor, a decrease in the binding of the second chemical 
compound to the human MCHl receptor in the presence of the 
chemical compound indicating that the chemical compoxind 
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binds to the human MCHl receptor, wherein the cells do not 
normally express the human MCKl receptor, the human MCHl 
receptor is encoded by nucleic acid comprising the sequence 
shown in Figure 1 (Seq. ID No . 1) or contained in plasmid 
pEXJ.HR-TL231 (ATCC Accession No. 203197), and the second 
chemical compound is MCH or a homolog or analog of MCH. 



This invention also provides a process for preparing a 
10 composition which comprises identifying a chemical compound 

which is a human MCHl receptor antagonist, and then admixing 
a carrier and the chemical compound or a structural and 
functional analog or homolog thereof, wherein the chemical 
compound is identified as a human MCHl receptor antagonist 
15 by a process which comprises contacting cells transfected 

with and expressing DNA encoding the human MCHl receptor 
with the compound in the presence of a known human MCHl 
receptor agonist, under conditions permitting the activation 
of the human MCHl receptor, and detecting a decrease in 
human MCHl receptor activity, so as to thereby determine 
whether the compound is a human MCHl receptor antagonist, 
wherein the cells do not normally express the human MCHl 
receptor, the human MCHl receptor is encoded by nucleic acid 
comprising the sequence shown in Figure 1 (Seq. ID No. 1) or 
contained in plasmid pEXJ . HR-TL231 (ATCC Accession No. 
'203197), and the known human MCHl receptor agonist is MCH or 
a homolog or analog of MCH. 

This invention still further provides a process for 
30 preparing a composition which comprises identifying a 

chemical compound which specifically binds to and inhibits 
the activation of a human MCHl receptor, and then admixing 
a carrier and the chemical compound or a structural and 
functional analog or homolog thereof, wherein the chemical 
35 compouind is identified as binding to and inhibiting 
activation of the human MCHl receptor by a process which 
comprises separately contacting cells expressing on their 
cell surface the human MCHl receptor and producing a second 
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messenger response upon activation of the human MCHl 
receptor, wherein such cells do not normally express the 
human MCHl receptor and the human MCHI receptor is encoded 
by nucleic acid comprising the sequence shown xn Figure 1 
(Seq ID NO. 1) or contained in plasmid pEX J . HR - TL2 3 1 (ATCC 
Accession No. 203197), with both the chemical compound and 
a second chemical compound known to activate the human MCHl 
receptor, and with only the second chemical compound, under 
conditions suitable for activation of the human MCHl 
receptor, and measuring the second messenger response in the 
presence of only the second chemical compound and xn the 
presence of both the second chemical compound and the 
chemical compound, a smaller change in the second messenger 
response in the presence of both the chemical compound and 
the second chemical compound than in the presence of only 
the second chemical compound indicating that the chemxcal 
compound inhibits activation of the human MCHl receptor, 
wherein the second chemical compound is MCH or a homolog or 
analog of MCH. 



encoding a human MCHl receptor (MCHl) 
Nucleotide sequence encoding 

(SEQ ID NO: 1) . Three potential start (ATG) 
stop (TGA) codoh are underlined. 



FiT-T* ^ Tn NO- 2) of the human MCHl 

receptor (MCHl) encoded by the nucxe 
Figure 1 (SEQ ID NO: 1) - 



. , «^^,ence for human MCHl (SEQ ID NO: 2) . 
neduced amino acid sequence lor 
Deducea .^^ transmembrane (TM) regions are 

The seven putative 

underlined. 

^'^'^''^H .eouence of rat MCHl (SEQ ID NO: 3). One start 

Nucleotide sequence oj. xciu n.^^j 

"I^OI codon and the stop codon (TGA) are underlined. 



f- ^' ^^'^'^ ■ * MCHl (SEQ ID NO: 4) . 

Deduced amino acid sequence for rat MCHl 

MCHl-mediated PI dose response to MCH. 

^^f!;fuenge with several co^npounds c£ interest. 

"^^^^^ ted extracellular acidification response to MCH 
:rrerr.::r .suits are reported as t. average o. 
„o independent experiments perforn,ed .n duplicate. 



Transcriptional response of MCHl-transf ected Cos-7 cells zo 
MCH. 

ir-irpir^ 10 

Binding of [ ^=^1 ] Phe^^ , Tyr'-MCH on MCHl-transfected Cos-7 cell 
membranes. Results are means ± S.E.M. (vertical lines) of 
triplicate determinations. 

RT-PCR detection of MCHl receptor mRNA in human mRNA 
samples. 



■tr-i rpire 12 

Amino acid alignment of the N-terminal regions of MCHl 
receptors encoded by various plasmids. The mutations present 
in R106 (SEQ ID NO: 16) and R114 {SEQ ID NO: 17) are shown 
in lower case. Potential initiating methionines are shown 
in bold. The amino acid sequence downstream of position 100 
is identical for all four plasmids. 

FigurfiL_i3. 

Amino ^id sequence (SEQ ID NO: 27) of the mutant human MCHl 
receptoA encoded by plasmid R106. 

f;irpi\e 14 

AminoNacid sequence (SEQ ID NO: 28) of the mutant human MCHl 
receptoff encoded by plasmid R114 . 

y^c ^re 15 

AminV acid sequence (SEQ ID NO: 29) of the mutant human MCHl 
rece^or encoded by plasmid BO120. 
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Throughout thi^ application, the following standard 
Ihbreviations are used to indicate specific nucleot.de 

bases : 

A = adenine 

Q = guanine 

C = cytosine 

T = thymine 

U =. uracil 

M = adenine or cytosine 

R = adenine or guanine 

W := adenine, thymine, or uracil 

S = cytosine or guanine 

y = cytosine, thymine, or uracil 

K - guanine, thymine, or uracil 

V ^ adenine, cytosine, or guanine (not thymine 
or uracil 

adenine , cytosine , 



H = 



D = 



B = 



N = 



I = 



thymine, or uracil (not 

guanine) 
adenine , 
cytosine) 
cytosine , 
adenine ) 

adenine, cytosine, guanine, thymine, or uracil 
(or other modified base such as inosine) 
inosine 



guanine, thymine. or uracil (not 
guanine, thymine, or uracil (not 



Furthermore, the term "agonist" is used throughout th.s 
application to indicate any peptide or non-peptidyl compound 
Which increases the activity of any of the P^^^PfP^^^- 
the subject invention. The term "antagonxst xs used 
throughout this application to indicate any peptide or non- 
peptidyl compound which decreases the activity of any of the 
polypeptides of the subject invention. The term mammalxan 
Is Ised throughout this invention to include mutant forms of 
the human MCHl receptor. 



The activity of a G-protein coupled receptor such as the 
polypeptides disclosed herein may be measured using any of 
a variety of functional assays in which activation of the 
receptor in question results in an observable change in the 
level of some second messenger system, including, but not 
limited to, adenylate cyclase, calcium mobilization, 
arachidonic acid release, ion channel activity, inositol 
phospholipid hydrolysis or guanylyl cyclase. Heterologous 
expression systems utilizing appropriate host cells to 
express the nucleic acid of the subject invention are used 
to obtain the desired second messenger coupling. Receptor 
activity may also be assayed in an oocyte expression system. 

It is possible that the human MCHl receptor gene contains 
introns and furthermore, the possibility exists that 
additional introns could exist in coding or non-coding 
regions. In addition, spliced formCs) of mRNA may encode 
additional amino acids either upstream of the currently 
defined starting methionine or within the coding region. 
Further, the existence and use of alternative exons is 
possible, whereby the mRNA may encode different amino acids 
within the region comprising the exon. In addition, single 
amino acid substitutions may arise via the mechanism of RNA 
editing such that the amino acid sequence of the expressed 
protein is different than that encoded by the original gene. 
(Burns et al . , 1996; Chu et al . , 1996). Such variants may 
exhibit pharmacologic properties differing from the 
polypeptide encoded by the original gene . 

This invention provides splice variants of the human MCHl 
receptor disclosed herein. This invention further provides 
for alternate translation initiation sites and alternately 
spliced or edited variants of nucleic acids encoding the 
human MCHl receptor of this invention. 

The nucleic acid of the subject invention also includes 
nucleic acid analogs of the human MCHl receptor gene, 
wherein the human MCHl receptor gene comprises the nucleic 



acid sequence shown in Fig. 1 or contained in plasmid 
PEXJ.HR-TL231 (ATCC Accession No. 203197). Nucleic acid 
analogs of the human MCHl receptor genes differ from the 
human MCHl receptor gene described herein in terms of the 
identity or location of one or more nucleic acid bases 
(deletion analogs containing less than all of the nucleic 
acid bases shown in Fig. 1 or contained in plasmid pEXJ.HR- 
TL231, substitution analogs wherein one or more nucleic acid 
bases shown in Fig. 1 or contained in plasmids pEXJ .HR-TLi231 
are replaced by other nucleic acid bases, and addition 
analogs., wherein one or more nucleic acid bases are added to 
a terminal or medial portion of the nucleic acid sequence) 
and which encode proteins which share some or all of the 
properties of the proteins encoded by the nucleic acid 
sequences shown in Fig. 1 or contained in plasmid pEXJ.HR- 
TL231. In one embodiment of the present invention, the 
nucleic acid analog encodes a protein which comprises an 
amino acid sequence as shown in Fig. 2 or encoded by the 
nucleic acid sequence contained in plasmid pEXJ-HR-TL231 . 
In another embodiment, the nucleic acid analog encodes a 
protein comprising an amino acid sequence which differs from 
the amino acid sequences shown in Fig. 2 or encoded by the 
nucleic acid contained in plasmids pEXJ • HR-TL231 . In a 
further embodiment, the protein encoded by the nucleic acid 
analog has a function which is the same as the function of 
the receptor protein comprising the amino acid sequence 
shown in Fig. 2. In another embodiment, the function of the 
protein encoded by the nucleic acid analog differs from the 
function of the receptor protein comprising the amino acid 
sequence shown in Fig. 2. In another embodiment, the 
variation in the nucleic acid sequence occurs within the 
transmembrane (TM) region of the protein. In a further 
embodiment, the variation in the nucleic acid sequence 
occurs outside of the TM region. 



This invention provides the above -described isolated nucleic 
acid, wherein the nucleic acid is DNA. In an embodiment, 
the DNA is cDNA. In another embodiment, the DNA is genomic 



DNA. In still another embodiment, the nucleic acid is RNA. 
Methods for production and manipulation of nucleic acid 
molecules are well knovsm in the art. 



This invention further provides nucleic acid which is 
degenerate with respect to the DNA encoding the polypeptides 
described herein. In an embodiment, the nucleic acid 
comprises a -nucleotide sequence which is degenerate with 
respect to the nucleotides sequence shown in Figure 1 (SEQ 
ID NO: 2) or the nucleotide sequence contained in the 
plasmid pEXJ-HR-TL231, that is, a nucleotide sequence which 
is translated into the same amino acid sequence. 

This invention also encompasses DNAs and cDNAs which encode 
amino acid sequences which differ from those of the 
polypeptides of this invention, but which should not produce 
phenotypic changes. Alternately, this invention also 
encompasses DNAs, cDNAs, and RNAs which hybridize to the 
DNA, cDNA, and RNA of the subject invention. Hybridization 
methods are well known to those of skill in the art. 

The nucleic acids of the subject invention also include 
nucleic acid molecules coding for polypeptide analogs, 
fragments or derivatives of antigenic polypeptides which 
differ from naturally-occurring forms in terms of the 
identity or location of one or more amino acid residues 
(deletion analogs containing less than all of the residues 
specified for the protein, substitution analogs wherein one 
or more residues specified are replaced by other residues 
and addition analogs wherein one or more amino acid residues 
is added to a terminal or medial portion of the 
polypeptides) and which share some or all properties of 
naturally-occurring forms. These molecules include: the 
incorporation of codons •'preferred" for expression by 
selected non-mammalian hosts; the provision of sites for 
cleavage by restriction endonuclease enzymes; and the 
provision of additional initial, terminal or intermediate 
DNA sequences that facilitate construction of readily 



expressed vectors. The creation of polypeptide analogs is 
well known to those of skill in the art (R.F. Spurney et 
al. (1997); Fong, T.M. et al . (1995); Underwood, D.J. et al . 

(1994) ; Graziano, M.P. et al . (1996); Guan X.M. et al . 

(1995) ) . 

The modified polypeptides of this invention may be 
transfected into cells either transiently or stably using 
methods well-known in the art; examples of which are 
disclosed herein. This invention also provides for binding 
assays using the modified polypeptides, in which the 
polypeptide is expressed either transiently or in stable 
cell lines. This invention further provides a compound 
identified using a modified polypeptide in a binding assay 
such as the binding assays described herein. 

The nucleic acids described and claimed herein are useful 
for the information which they provide concerning the amino 
acid sequence of the polypeptide and as products for the 
large scale synthesis of the polypeptides by a variety of 
recombinant techniques . The nucleic acid molecule is useful 
for generating new cloning and expression vectors, 
transformed and transfected prokaryotic and eukaryotic host 
cells, and new and useful methods for cultured growth of 
such host cells capable of expression of the polypeptide and 
related products. 

This invention provides an isolated nucleic acid encoding a 
human MCHl receptor or a mutant of such human* MCHl receptor 
which is activated by MCH or an analog or homolog thereof. 
In one embodiment, the nucleic acid is DNA. In another 
embodiment, the DNA is cDNA. In another embodiment, the DNA 
is genomic DNA. In another embodiment, the nucleic acid is 
RNA. 

This invention also provides methods of using an isolated 
nucleic acid encoding species homologs of the M(ZH1 receptor 
encoded by the nucleic acid sequence shown in Fig. 1 (SEQ ID 



NO- 1) or encoded by the plasmid pEXJ . HR-TL231 . In one 
embodiment, the nucleic acid encodes a mammalian MCHl 
receptor homolog which has substantially the same amino acid 
sequence as does the MCHl receptor encoded by the plasmid 
pEXJ.HR-TL231. In another embodiment, the nucleic acid 
encodes a mammalian MCHl receptor homolog which has above 
65% amino acid identity to the MCHl receptor encoded by the 
plasmid PEXJ.HR-TL231; preferably above 75% amino acid 
identity to the MCHl receptor encoded by the plasmid 
PEXJ.HR-TL231; more preferably above 85% amino acid identity 
to the MCHl receptor encoded by the plasmid pEXJ . HR-TL231 ; 
most preferably above 95% amino acid identity to the MCHl 
receptor encoded by the plasmid pEXJ .HR-TL231 . In another 
embodiment, the mammalian MCHl receptor homolog has above 
70% nucleic acid identity to the MCHl receptor gene 
contained in plasmid pEXJ .HR-TL231 ; preferably above 80% 
nucleic acid identity to the MCHl receptor gene contained in 
the plasmid pEXJ.HR-TL231 ; more preferably above 90% nucleic 
acid identity to the MCHl receptor gene contained in the 
plasmid PEXJ.HR-TL231. Examples of methods for isolating 
and purifying species homologs are described elsewhere 
(e.g., U.S. Patent No. 5,602,024, W094/14957. W097/26853, 
WO98/15570) . 

In a separate embodiment of the present invention, the 
nucleic acid encodes a MCHl receptor which has an amino acid 
sequence identical to that encoded by the plasmid pEXJ.HR- 
TL231. In a further embodiment, the MCHl receptor comprises 
a sequence substantially the same as the amino acid sequence 
shown in Figure 2 (SEQ ID NO: 2) . In another embodiment, 
the MCHl receptor comprises an amino acid sequence as shown 
in Figure 2 (SEQ ID NO: 2) . 

In one embodimen^, the mutant human MCHl receptor comprises 
an amino acid se^ence as shown in Figure 13 (SEQ ID NO: 
27) . In another eiW>odiment, the mutant human MCHl receptor 
comprises an amino Lid sequence as shown in Figure 14 (SEQ 
ID NO: 28). In stiM another embodiment, the mutant human 



MCHl receptor Icomprises an amino acid sequence as shown in 
Figure 15 (SEq\iDNO: 29). 



In separate embodiments , the human MCKl receptor is encoded 
by the nucleic acid sequence shown in Figure 1 beginning 
with any of the three indicated start (ATG) codons . 

This invention provides an isolated nucleic acid encoding a 
modified human MCHl receptor, which differs from a human 
MCHl receptor by having an amino acid(s) deletion, 
replacement, or addition in the third intracellular domain . 

This invention provides a nucleic acid encoding a human MCHl 
receptor, wherein the nucleic acid (a) hybridizes to a 
nucleic acid having the defined sequence shown in Figure 1 
{SEQ ID NO: 1) under low stringency conditions or a sequence 
complementary thereto and (b) is further characterized by 
its ability to cause a change in the pH of a culture of CHO 
cells when a MCHl ligand is added to the culture and the CHO 
cells contain the nucleic acid which hybridized to the 
nucleic acid having the defined sequence or its complement . 
Hybridization at low stringency is performed at 4 0°C in a 
hybridization buffer containing 25% formamide, 5X SCC, 7mM 
Tris, IX Denhardt's, 25/il/ml salmon sperm DNA. Wash at 4 0°C 
in 0 . IX sec, 0.1% SDS. Changes in pH are measured through 
microphysiometric measurement of receptor mediated 
extracellular acidification rates . Because cellular 
metabolism is intricately involved in a broad range of 
cellular events (including receptor activation of multiple 
messenger pathways) , the use of microphysiometric 
measurements of cell metabolism can in principle provide a 
generic assay of cellular activity arising from the 
activation of any receptor regardless of the specifics of 
the receptor's signaling pathway. General guidelines for 
transient receptor expression, cell preparation and 
microphysiometric recording are described elsewhere (Salon, 
J. A. and Owicki, J.A. , 19 96) . Receptors and/or control 
vectors are transiently expressed in CHO-Kl cells, by 



liposome mediated transfection according to the 
manufacturers recommendations (Lipof ectAMINE , GibcoBRL, 
Gaithersburg , MD) , and maintained in Ham's F-12 complete 
(10% serum) . A total of 10//g of DNA is used to transfect 
each 75cm' flask which had been split 24 hours prior to the 
transfection and judged to be 70-80% confluent at the time 
of transfection. 24 hours post transfection, the cells are 
harvested and 3 x 10^ cells seeded into microphysiometer 
capsules. Cells are allowed to attach to the capsule 
membrane for an additional 24 hours; during the last 16 
hours, the cells are switched to serum- free F-12 complete to 
minimize ill-defined metabolic stimulation caused by 
assorted serum factors. On the day of the experiment the 
cell capsules are transferred to the microphysiometer and 
allowed to equilibrate in recording media (low buffer RPMI 
164 0, no bicarbonate, no serum (Molecular Devices 
Corporation, Sunnyvale, CA) containing 0.1% fatty acid free 
BSA) , during which a baseline measurement of basal metabolic 
activity is established. A standard recording protocol 
specifies a ±00fjLl/m±n flow rate, with a 2 min total pump 
cycle which includes a 3 0 sec flow interruption during which 
the acidification rate measurement is taken. Ligand 
challenges involve a 1 min 20 sec exposure to the sample 
just prior to the first post challenge rate measurement 
being taken, followed by two additional pump cycles for a 
total of 5 min 20 sec sample exposure. Typically, drugs in 
a primary screen are presented to the cells at 10/zM final 
concentration. Ligand samples are then washed out and the 
acidification rates reported are expressed as" a percentage 
increase of the peak response over the baseline rate 
observed just prior to challenge. An examples of a MCH 
ligand includes, but is not limited to, the endogenous MCH 
peptide . 

This invention provides a purified human MCHl receptor 
protein. 



This invention provides a vector comprising nucleic acid 



encoding a human MCKl receptor. In an embodiment, the 
vector is adapted for expression in a cell which comprises 
the regulatory elements necessary for expression of the 
nucleic acid in the cell operatively linked to the nucleic 
acid encoding the human MCHl receptor as to permit 
expression thereof. In separate embodiments, the cell is a 
bacterial cell, an amphibian cell, a yeast cell, an insect 
cell or a mammalian cell. In another embodiment, the vector 
is a baculovirus. In one embodiment, the vector is a 
plasmid . 

This invention provides a plasmid designated pEXJ . HR-TL231 
(ATCC Accession No. 203197) . This plasmid comprises the 
regulatory elements necessary for expression of DNA in a 
mammalian cell operatively linked to DNA encoding the human 
MCHl receptor so as to permit expression thereof . 

This plasmid (pEXJ.HR-TL231) was deposited on September 17, 
1998, with the American Type Culture Collection (ATCC), 
12301 Parklawn Drive, Rockville, Maryland 20852, U.S.A. 
under the provisions of the Budapest Treaty for the 
International Recognition of the Deposit of Microorganisms 
for the Purposes of Patent Procedure and was accorded ATCC 
Accession No. 203197. 

This invention further provides for any vector or plasmid 
which comprises modified untranslated sequences, which are 
beneficial for expression in desired host cells or for use 
in binding or functional assays. For example, a vector or 
plasmid with untranslated sequences of varying lengths may 
express differing amounts of the polypeptide depending upon 
the host cell used. In an embodiment, the vector or plasmid 
comprises the coding sequence of the polypeptide and the 
regulatory elements necessary for expression in the host 
cell . 

This invention provides a cell comprising a vector 
comprising a nucleic acid encoding the human MCHl receptor. 



In an embodiment, the cell is a non-mammalian cell. In a 
further embodiment, the non-mammalian cell is a Xenopus 
oocyte cell or a Xenopus melanophore cell. In another 
embodiment, the cell is a mammalian cell. In a further 
embodiment, the mammalian cell is a COS- 7 cell, a 293 human 
embryonic kidney cell, a NIK-3T3 cell, a L.M(tk-) cell, a 
mouse yi cell, or a CHO cell. 

This invention provides an insect cell comprising a vector 
adapted for expression in an insect cell which comprises a 
nucleic acid encoding a human MCHl receptor. In another 
embodiment, the insect cell is an Sf9 cell, an Sf21 cell or 
a Trichoplusia ni 5B1-4 (HighFive) cell. 

This invention provides a membrane preparation isolated from 
any one of the cells described above. 

This invention provides a nucleic acid probe comprising at 
least 15 nucleotides, which probe specifically hybridizes 
with a nucleic acid encoding a human MCHl receptor, wherein 
the probe has a unique sequence corresponding to a sequence 
present within one of the two strands of the nucleic acid 
encoding a human MCHl receptor present in plasmid pEXJ.HR- 
TL231. This invention also provides a nucleic acid probe 
comprising at least 15 nucleotides, which probe specifically 
hybridizes with a nucleic acid encoding a human MCHl 
receptor, wherein the probe has a unique sequence 
corresponding to a sequence present within (a) the nucleic 
acid sequence shown in Figure 1 (SEQ ID NO: 1) or (b) the 
reverse complement thereto. In one embodiment, the nucleic 
acid is DNA. In another embodiment, the nucleic acid is 
RNA. 

As used herein, the phrase "specifically hybridizing" means 
the ability of a nucleic acid molecule to recognize a 
nucleic acid sequence complementary to its own and to form 
double -helical segments through hydrogen bonding between 
complementary base pairs . 



Nucleic acid probe technology is well known to those skilled 
in the art who will readily appreciate that such probes may 
vaory greatly in length and may be labeled with a detectable 
label, such as a radioisotope or flourescent dye, to 
facilitate detection of the probe. DNA probe molecules may 
be produced by insertion of a DNA molecule which encodes the 
polypeptides of this invention into suitable vectors, such 
as plasmids or bacteriophages, followed by transforming into 
suitable bacterial host cells, replication in the 
transformed bacterial host cells and harvesting of the DNA 
probes, using methods well known in the art. Alternatively, 
probes may be generated chemically from DNA synthesizers. 

RNA probes may be generated by inserting the DNA molecule 
which encodes the polypeptides of this invention downstream 
of a bacteriophage promoter such as T3 , T7 , or SPG. Large 
amounts of RNA probe may be produced by incubating the 
labeled nucleotides with the linearized fragment where it 
contains an upstream promoter in the presence of the 
appropriate RNA polymerase . 

This invention provides an antisense oligonucleotide having 
a sequence capable of specifically hybridizing to RNA 
encoding a human MCHl receptor, so as to prevent translation 
of the RNA. This invention also provides an antisense 
oligonucleotide having a sequence capable of specifically 
hybridizing to genomic DNA encoding a human MCHl receptor. 
In one embodiment, the oligonucleotide comprises chemically 
modified nucleotides or nucleotide analogues. 

This invention provides an antibody capable of binding to a 
human MCHl receptor encoded by a nucleic acid encoding a 
human MCHl receptor. This invention also provides an agent 
capable of competitively inhibiting the binding of the 
antibody to a human MCHl receptor. In one embodiment, the 
antibody is a monoclonal antibody or antisera. 



This invention provides a pharmaceutical composition 



comprising (a) an amount of the oligonucleotide capable of 
passing through a cell membrane and effective to reduce 
expression of a human MCHl receptor and (b) a 
pharmaceutically acceptable carrier capable of passing 
through the cell membrane. In an embodiment, the 

oligonucleotide is coupled to a substance which inactivates 
mRNA. In a further embodiment, the substance which 

inactivates mRNA is a ribozyme . In another embodiment, the 
pharmaceutically acceptable carrier comprises a structure 
which binds to a human MCHl receptor on a cell capable of 
being taken up by the cells after binding to the structure. 
In a further embodiment, the pharmaceutically acceptable 
carrier is capable of binding to a human MCHl receptor which 
is specific for a selected cell type. 

This invention provides a pharmaceutical composition which 
comprises an amount of an antibody effective to block 
binding of a ligand to a human MCHl receptor and a 
pharmaceutically acceptable carrier. 

As used herein, the phrase "pharmaceutically acceptable 
carrier" means any of the standard pharmaceutically 
acceptable carriers. Examples include, but are not limited, 
to, phosphate buffered saline, physiological saline, water, 
and emulsions, such as oil/water emulsions. 

This invention provides a transgenic, nonhuman mammal 
expressing DNA encoding a human MCHl receptor. This 
invention also provides a transgenic, nonhuman mammal 
comprising a homologous recombination knockout of the native 
human MCHl receptor. This invention further provides a 
transgenic, nonhuman mammal whose genome comprises antisense 
DNA complementary to the DNA encoding a human MCHl receptor 
so placed within the genome as to be transcribed into 
antisense mRNA which is complementary to mRNA encoding the 
human MCHl receptor and which hybridizes to mRNA encoding 
the human MCHl receptor, thereby reducing its translation. 
In an embodiment, the DNA encoding the human MCHl receptor 



addicionally comprises an inducible promoter. In another 
embodiment, the DNA encoding the human MCHl receptor 
additionally comprises tissue specific regulatory elements. 
In a further embodiment, the transgenic, nonhuman mammal is 
a mouse . 

Animal model systems which elucidate the physiological and 
behavioral roles of the polypeptides of this invention are 
produced by creating transgenic animals in which the 
activity of the polypeptide is either increased or 
decreased, or the amino acid sequence of the expressed 
polypeptide is altered, by a variety of techniques. 
Examples of these techniques include, but are not limited 
to: 1) Insertion of normal or mutant versions of DNA 
encoding the polypeptide, by microinjection, 

electroporation, retroviral transfection or other means well 
known to those in the art, into appropriate fertilized 
. embryos in order to produce a transgenic animal or 2) 
Homologous recombination of mutant or normal, human or 
animal versions of these genes with the native gene locus in 
transgenic animals to alter the regulation of expression or 
the structure of these polypeptide sequences . The technique 
of homologous recombination is well known in the art. It 
replaces the native gene with the inserted gene and so is 
useful for producing an animal that cannot express native 
polypeptides but does express, for example, an inserted 
mutant polypeptide, which has replaced the native 
polypeptide in the animal's genome by recombination, 
resulting in underexpression of the transporter. 
Microinjection adds genes to the genome, but does not remove 
them, and so is useful for producing an animal which 
expresses its own and added polypeptides, resulting in 
overexpression of the polypeptides. 

One means available for producing a transgenic animal, with 
a mouse as an example, is as follows: Female mice are mated, 
and the resulting fertilized eggs are dissected out of their 
oviducts. The eggs are stored in an appropriate medium such 
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as M2 medium. DNA or cDNA encoding a polypeptide of this 
invention is purified from a vector by methods well known in 
the art . Inducible promoters may be fused with the coding 
region of the DNA to provide an experimental means to 
regulate expression of the trans-gene. Alternatively, or in 
addition, tissue specific regulatory elements may be fused 
with the coding region to permit tissue-specific expression 
of the trans-gene. The DNA, in an appropriately buffered 
solution, is put into a microinjection needle (which may be 
made from capillary tubing using a pipette puller) and the 
egg to be injected is put in a depression slide. The needle 
is inserted into the pronucleus of the egg, and the DNA 
solution is injected. The injected egg is then transferred 
into the oviduct of a pseudopregnant mouse ( a mouse 
stimulated by the appropriate hormones to maintain pregnancy 
but which is not actually pregnant ) , where it proceeds to 
the uterus, implants, and develops to term. As noted above, 
microinjection is not the only method for inserting DNA into 
the egg cell, and is used here only for exemplary purposes. 

This invention provides a process for identifying a chemical 
compound which specifically binds to a mammalian MCHl 
receptor whiah comprises contacting cells comprising DNA 
encoding, and expressing on their cell surface, the 
mammalian MCHl Vrecep tor , with the compound under conditions 
suitable for binding, and detecting specific binding of the; 
chemical compound to the mammalian MCHl receptor, wherein 
the cells do not normally express the mammalian MCHl 
receptor and the DNA encoding the mammalian MCHl receptor 
(a) hybridizes to aXnucleic acid having the defined secfuence 
shown in Figure 1 \{SEQ ID NO; 1) under low stringency 
conditions or a sequence complementary thereto and (b) is 
further characterizedX by its ability to cause a change in 
the pH of a culture of VlHO cells when a MCHl ligand is added 
to the culture and theXcHO cells contain the nucleic acid 
which hybridized to tha nucleic acid having the defined 
sequence or its complement- This invention also provides a 
process for identifyingr a chemical compound which 
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speciiically binds to a mammalian MCHl receptor which 
comprises contacting a membrane preparation from cells 
comprising DNA encoding, and expressing on their cell 
surface! the mammalian MCHl receptor, with the compound 
5 under aonditions suitable for binding, and detecting 

specif ic\ binding of the chemical compound to the mammalian 
MCHl receptor, wherein the cells do not normally express the 
mamma li an \ MCHl receptor and the DNA encoding the mammalian 
MCHl receptor (a) hybridizes to a nucleic acid having the 
10 defined semience shown in Figure 1 (SEQ ID NO: 1) under low 

stringency conditions or a sequence complementary thereto 
and (b) is fiurther characterized by its ability to cause a 
change in the pH of a culture of CHO cells when a MCHl 
ligand is added to the culture and the CHO cells contain the 
nucleic acid which hybridized to the nucleic acid having the 
defined sequence or its complement. In one embodiment, the 
MCHl receptor! is a human MCHl receptor. In another 

embodiment, the MCHl receptor is a rat MCHl receptor. In 
another embodiment, the mammalian MCHl receptor comprises 
20 substantially the same amino acid sequence as the sequence 

of the human MCHl receptor encoded by plasmid pE:XJ.HR-TL231 . 
In a further e^nbodiment, the mammalian MCHl receptor 
comprises substantially the same amino acid sequence as that 
shown in Figure 2\ {SEQ ID NO; 2) . In another embodiment, 
25 the mammalian MCHl receptor comprises the amino acid 

sequence shown in Figure 2 (SEQ ID NO: 2) . In a different 
embodiment, the mammalian MCHl receptor comprises the amino 
acid sequence showA in Figure 13 (SEQ ID NO: 27) . In 
another embodiment, \the mammalian MCHl receptor comprises 
30 the amino acid sequerice shown in Figure 14 (SEQ ID NO: 28) . 

In still another emopdiment, the mammalian MCHl receptor 
comprises the amino acid sequence shown in Figure 15 (SEQ ID 
NO: 29) . In one embodiment, the compound is not previously 
known to bind to a mamntalian MCHl receptor. This invention 
35 further provides a cpmpound identified by the above - 

described processes . 



In one embodiment of the above -described processes, the cell 



3.. 



is an insect cell. In another embodiment, the cell is a 
mammalian cell. In a further embodiment. the cell is 
nonneuronal in origin. In a further embodiment, the 
nonneuronal cell is a COS-7 cell. 293 human etnbryonic kidney 
5 cell, a CHO cell, a NIH-3T3 cell, a mouse Yl cell, or a 

LM(tk-) cell. 

This invention provides a process involving competitive 
binding for identifying a chemical compound which 

10 specifically binds to a mammalian MCHl receptor which 

comprises contacting cells expressing on their cell surface 
the mammalian MCHl receptor, with both the chemical compound 
and a second chemical compound known to bind to the 
receptor, and separately with only the second chemical 

15 compound, under conditions suitable for binding of both 

compounds, and detecting specific binding of the chemical 
compound to the mammalian MCHl receptor, a decrease in the 
binding of the second chemical compound to the mammalian 
MCHl receptor in the presence of the chemical compound 

20 indicating that the chemical compound binds to the mammalian 

MCHl receptor, wherein the cells do not normally express the 
mammalian MCHl receptor and the DNA encoding the mammalian 
MCHl receptor (a) hybridizes to a nucleic acid having the 
defined sequence shown in Figure 1 (SEQ ID NO. 1) under low 

25 stringency conditions or a sequence complementary thereto 

and (b) is further characterized by its ability to cause a 
change in the pH of a culture of CHO cells when a MCHl 
ligand is added to the culture and the CHO cells contain the 
nucleic acid which hybridized to the nucleic acid having the 

30 defined sequence or its complement. 

This invention also provides a process involving competitive 
binding for identifying a chemical compound which 
specifically binds to a mammalian MCHl receptor which 
35 comprises contacting a membrane preparation from cells 
expressing on their cell surface the mammalian MCHl 
receptor, with both the chemical compound and a second 
chemical compound known to bind to the receptor, and 
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separately with only the second chemical compound, under 
conditions suitable for binding of both compounds, and 
detecting specific binding of the chemical compound to the 
mammalian MCKl receptor, a decrease in the binding of the 
5 second chemical compound to the mammalian MCHl receptor in 

the presence of the chemical compound indicating that the 
chemical compound binds to the mammalian MCHl receptor, 
wherein the cells do not normally express the mammalian MCHl 
receptor and the DNA encoding the mammalian MCHl receptor 

IQ . (3) hybridizes to a nucleic acid having the defined sequence 
shown in Figure 1 (SEQ ID NO: 1) under low stringency 
conditions or a sequence complementary thereto and (b) is 
further characterized by its ability to cause a change in 
the pH of a culture of CHO cells when a MCHl ligand is added 

25 to the culture and the CHO cells contain the nucleic acid 

which hybridized to the nucleic acid having the defined 
sequence or its complement . 

In one embodiment, the mammalian MCHl receptor is a human 
2 0 MCHl receptor or a mutant of such human MCHl receptor which 

is activated by MCH or an analog or homolog thereof. In 
another embodiment, the mammalian MCHl receptor is a rat 
MCHl receptor . In another embodiment , the mammalian MCHl 
receptor comprises substantially the same amino acid 
25 sequence as the human MCHl receptor encoded by plasmid 

pEXJ-HR-TL231 . In a further embodiment, the mammalian MCHl 
receptor comprises substantially the same amino acid 
sequence as that shown in Figure 2 (SEQ ID NO: 2) . In 
another embodiment, the mammalian MCHl receptor comprises 
30 the amino acid sequence shown in Figure 2 (SEQ ID NO: 2) . 

In one embodiment, the cell is an insect cell. In another 
embodiment, the cell is a mammalian cell. In a further 
embodiment, the cell is nonneuronal in origin. In another 
35 embodiment, the nonneuronal cell is a COS -7 cell, 293 human 

embryonic kidney cell, a CHO cell, a NIH-3T3 cell, a mouse 
Yl cell, or a IiM(tk-) cell. In one embodiment, the compound 
is not previously known to bind to a mammalian MCHl 



receptor . 



This invention provides a compound identified by the above - 
described processes , 

This invention provides a method of screening a plurality of 
chemical compounds not known to bind to a mammalian MCHl 
receptor to identify a compound which specifically binds to 
the mammalian MCHl receptor, which comprises (a) contacting 
cells transfected with and expressing DNA encoding the 
mammalian MCHl receptor with the plurality of compounds not 
known to bind specifically to the mammalian MCHl receptor, 
under conditions permitting binding of compounds known to 
bind the mammalian MCHl receptor; (b) determining whether 
the binding of a compound known to bind to the mammalian 
MCHl receptor is reduced in the presence of the compounds 
within the plurality of compounds , relative to the binding 
of the compound in the absence of the plurality of 
compounds; and if so (c) separately determining the binding 
to the mammalian MCHl receptor of compounds included in the 
plurality of compounds, so as to thereby identify the 
compound which specifically binds to the mammalian MCHl 
receptor . 

This invention provides a method of screening a plurality of 
chemical compounds not known to bind to a mammalian MCHl 
receptor to identify a compound which specifically binds to 
the mammalian MCHl receptor, which comprises (a) contacting 
a membrane preparation from cells transfected with and 
expressing the mammalian MCHl receptor with the plurality of 
compounds not known to bind specifically to the mammalian 
MCHl receptor, under conditions permitting binding of 
compounds known to bind the mammalian MCHl receptor; (b) 
determining whether the binding of a compound known to bind 
to the mammalian MCHl receptor is reduced in the presence of 
the compounds within the plurality of compounds, relative to 
the binding of the compound in the absence of the plurality 
of compounds; and if so (c) separately determining the 
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binding to the mammalian MCHl receptor of compounds included 
in the plurality of compounds, so as to thereby identify the 
compound which specifically binds to the mammalian MCHl 
receptor . 

5 

In one embodiment of the above -described methods, the 
mammalian MCHl receptor is a human MCHl receptor or a mutant 
of such human MCHl receptor which is activated by MCH or an 
analog or homolog thereof. In another embodiment, the 

10 mammalian MCHl receptor is a rat MCHl receptor. In another 

embodiment, the cell is a mammalian cell. In a further 
embodiment, the mammalian cell is non-neuronal in origin. 
In another embodiment, the non-neuronal cell i3 a COS- 7 
cell, a 293 human embryonic kidney cell, a IjM(tk-) cell, a 

15 CHO cell, a mouse Yl cell, or an NIH-3T3 cell . 

This invention also provides a method of detecting 
expression of a mammalian MCHl receptor by detecting the 
presence of mRNA coding for the mammalian MCHl receptor 
2 0 which comprises obtaining total mRNA from the cell and 

contacting the mRNA so obtained from a nucleic acid probe 
under hybridizing conditions, detecting the presence of mRNA 
hybridizing to the probe, and thereby detecting the 
expression of the mammalian MCHl receptor by the cell . 

25 

* 

This invention further provides a method of detecting the 
presence of a mammalian MCHl receptor on the surface of a 
cell which comprises contacting the cell with an antibody 
under conditions permitting binding of the antibody to the 
30 receptor, detecting the presence of the antibody bound to 

the cell, and thereby detecting the presence of the 
mammalian MCHl receptor on the surface of the cell . 

This invention provides a method of determining the 
35 physiological effects of varying levels of activity of human 

MCHl receptors which comprises producing a transgenic, 
nonhuman mammal whose levels of human MCHl receptor activity 
are varied by use of an inducible promoter which regulates 
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human MCHl receptor expression. 



This invention also provides a method of determining the 
physiological effects of varying levels of activity of human 
MCHl receptors which comprises producing a panel of 
transgenic, nonhuman mammals each expressing a different 
amount of human MCHl receptor. 

This invention provides a method for identifying an 
antagonist capable of alleviating an abnormality wherein the 
abnormality is alleviated by decreasing the activity of a 
human MCHl receptor comprising administering a compound to 
a transgenic, nonhuman mammal, and determining whether the 
compound alleviates the physical and behavioral 
abnormalities displayed by the transgenic, nonhuman mammal 
as a result of overactivity of a human MCHl receptor, the 
alleviation of the abnormality identifying the compound as 
an antagonist. This invention also provides an antagonist 
identified by- the above -described method. This invention 
further provides a pharmaceutical composition comprising an 
antagonist identified by the above -described method and a 
pharmaceutically acceptable carrier. This invention 

provides a method of treating an abnormality in a subject 
wherein the abnormality is alleviated by decreasing the 
activity of a human MCHl receptor which comprises 
administering to the subject an effective amount of this 
pharmaceutical composition, thereby treating the 
abnormality . 

This invention provides a method for identifying an agonist 
capable of alleviating an abnormality in a subj ect wherein 
the abnormality is alleviated by increasing the activity of 
a human MCHl receptor comprising administering a compound to 
transgenic, nonhuman mammal, and determining whether the 
compound alleviates the physical and behavioral 
abnormalities displayed by the transgenic, nonhuman mammal, 
the alleviation of the abnormality identifying the compound 
as an agonist. This invention also provides an agonist 



identified by the above-described method. This invention 
further provides a pharmaceutical composition comprising an 
agonist identified by the above -described method and a 
pharmaceutically acceptable carrier. This invention further 
provides a method of treating an abnormality in a subject 
wherein the abnormality is alleviated by increasing the 
activity of a human MCHl receptor which comprises 
administering to the subject an effective amount of this 
pharmaceutical composition, thereby treating the 
abno rma 1 i t y . 

This invention provides a method for diagnosing a 
predisposition to a disorder associated with the activity of 
a specific mammalian allele which comprises: (a) obtaining 
DNA of subjects suffering from the disorder; (b) performing 
a restriction digest of the DNA with a panel of restriction 
enzymes; (c) electrophoretically separating the resulting 
DNA fragments on a sizing gel; (d) contacting the resulting 
gel with a nucleic acid probe capable of specifically 
hybridizing with a unique sequence included within the 
sequence of a nucleic acid molecule encoding a human MCHl 
receptor and labeled with a detectable marker; (e) detecting 
labeled bands which have hybridized to the DNA encoding a 
human MCHl receptor labeled with a detectable marker to 
create a unique band pattern specific to the DNA of subjects 
suffering from the disorder; (f) preparing DNA obtained for 
diagnosis by steps (a) - (e) ; and (g) comparing the unique 
band pattern specific to the DNA of subjects suffering from 
the disorder from step (e) and the DNA obtained for 
diagnosis from step (f) to determine whether the patterns 
are the same or different and to diagnose thereby 
predisposition to the disorder if the patterns are the same. 
In one embodiment, a disorder associated with the activity 
of a specific mammalian allele is diagnosed. 

This invention provides a method of preparing the purified 
human MCHl receptor which comprises: (a) inducing cells to 
express the human MCHl receptor; (b) recovering the human 



MCHl receptor from the induced cells; and (c) purifying the 
human MCHl receptor so recovered. 

This invention provides a method of preparing the purified 
human MCHl receptor which comprises: (a) inserting nucleic 
acid encoding the human MCHl receptor in a suitable vector; 
(b) introducing the resulting vector in a suitable host 
cell; (c) placing the resulting cell in suitable condition 
permitting the production of the isolated human MCHl 
receptor; (d) recovering the human MCHl receptor produced by 
the resulting cell; and (e) purifying the human MCHl 
receptor so recovered. 

This invention provides a process for determining whether a 
chemical compound is a mammalian MCHl receptor agonist which 
comprises contacting cells transfected with and expressing 
DNA encoding the mammalian MCHl receptor with the compound 
under conditions permitting the activation of the mammalian 
MCHl receptor, and detecting an increase in mammalian MCHl 
receptor activity, so as to thereby determine whether the 
compound is a mammalian MCHl receptor agonist. This 
invention also provides a process for determining whether a 
chemical compound is a mammalian MCHl receptor antagonist 
which comprises contacting cells transfected with and 
expressing DNA encoding the mammalian MCHl receptor with the 
compound in the presence of a known mammalian MCHl receptor 
agonist, under conditions permitting the activation of the 
mammalian MCHl receptor, and detecting a decrease in 
mammalian MCHl receptor activity, so as to thereby determine 
whether the compound is a mammalian MCHl receptor 
antagonist. In one embodiment, the mammalian MCHl receptor 
is a human MCHl receptor or a mutant of such human MCHl 
receptor which is activated by MCH or an analog or homolog 
thereof . 

This invention further provides a pharmaceutical composition 
which comprises an amount of a mammalian MCHl receptor 
agonist determined by the above -described process effective 



to increase activity of a mammalian MCHl receptor and a 
pharmaceutically acceptable carrier. In one embodiment, the 
mammalian MCKl receptor agonist is not previously known. 

This invention provides a pharmaceutical composition which 
comprises an amount of a mammalian MCHl receptor antagonist 
determined by the above-described process effective to 
reduce activity of a mammalian MCHl receptor and a 
pharmaceutically acceptable carrier. In one embodiment, the 
mammalian MCHl receptor antagonist is not previously known. 

This invention provides a process for determining whether a 
chemical compound specifically binds to and activates a 
mammalian MCHl receptor, which comprises contacting cells 
producing a second messenger response and expressing on 
their cell surface the mammalian MCHl receptor, wherein such 
cells do not normally express the mammalian MCHl receptor, 
V7ith the chemical compound under conditions suitable for 
activation of the mammalian MCHl receptor, and measuring the 
second messenger response in the presence and in the absence 
of the chemical compound, a change in the second messenger 
response in the presence of the chemical compound indicating 
that the compound activates the mammalian MCHl receptor. In 
one embodiment, the second messenger response comprises 
chloride channel activation and the change in second 
messenger is an increase in the level of inward chloride 
current . 

This invention also provides a process for determining 
whether a chemical compound specifically binds to and 
inhibits activation of a mammalian MCHl receptor, which 
comprises separately contacting cells producing a second 
messenger response and expressing on their cell surface the 
mammalian MCHl receptor, wherein such cells do not normally 
express the mammalian MCHl receptor, with both the chemical 
compound and a second chemical compound known to activate 
the mammalian MCHl receptor, and with only the second 
chemical compound, under conditions suitable for activation 
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of the mammalian MCHl receptor, and measuring the second 
messenger response in the presence of only the second 
chemical compound and in the presence of both the second 
chemical compound and the chemical compound , a smaller 
5 change in the second messenger response in the presence of 

both the chemical compound and the second chemical compound 
than in the presence of only the second chemical compound 
indicating that the chemical compound inhibits activation of 
the mammalian MCHl receptor. In one embodiment^ the second 
10 messenger response comprises chloride channel activation and 

the change in second messenger response is a smaller 
increase in the level of inward chloride current in the 
presence of both the chemical compound and the second 
chemical compound than in the presence of only the second 
15 chemical compound. This invention also provides the above- 

described processes performed with membrane preparations 
from cells producing a second messenger response and 
transfected with and expressing the mammalian MCHl receptor. 

2 0 In one embodiment of the above -described processes, the 

mammalian MCHl receptor is a human MCHl receptor or a mutant 
of such human MCHl receptor which is activated by MCH or an 
analog or homolog thereof . In another embodiment , the 
mammalian MCHl receptor is a rat MCHl receptor . In another 
2 5 embodiment/ the mammalian MCHl receptor comprises 

substantially the same amino acid sequence as encoded by the 
plasmid pEXJ.HR-TL231 . In a further embodiment, the 
mammalian MCHl receptor comprises substantially the same 
amino acid sequence as that shown in Figure 2 (SEQ ID NO : 
30 2 ) . In another embodiment, the mammalian MCHl receptor 

comprises an amino acid sequence as shown in Figure 2 (SEQ 
ID NO: 2). In an embodiment, the cell is an insect cell. 
In a further embodiment , the cell is a mammalian cell . In 
a still further embodiment, the mammalian cell is 
35 nonneuronal in origin. In another embodiment, the 

nonneuronal cell is a COS- 7 cell, CHO cell, 293 human 
embryonic kidney cell, NIH-3T3 cell or LiM(tk-) cell. In an 
embodiment, the compound is not previously known to bind to 



a mammalian MCHl receptor. This invention also provides a 
compound determined by the above-described processes. 

This invention also provides a pharmaceutical composition 
which comprises an amount of a mammalian MCHl receptor 
agonist determined by the above-described processes 
effective to increase activity of a mammalian MCHl receptor 
and a pharmaceutically acceptable carrier. In one 

embodiment, the mammalian MCHl receptor agonist is not 
previously known. 

This invention further provides a pharmaceutical composition 
which comprises an amount of a mammalian MCHl receptor 
antagonist determined by the above-described processes 
effective to reduce activity of a mammalian MCHl receptor 
and a phairmaceutically acceptable carrier. In one 

embodiment, the mammalian MCHl receptor antagonist is not 
previously known . 

This invention provides a method of screening a plurality of 
chemical compounds not known to activate a mammalian MCHl 
receptor to identify a compound which activates the 
mammalian MCHl receptor which comprises: (a) contacting 
cells transfected with and expressing the mammalian MCHl 
receptor with the plurality of compounds not known to 
activate the mammalian MCHl receptor, under conditions 
permitting activation of the mammalian MCHl receptor; (b) 
determining whether the activity of the mammalian MCHl 
receptor is increased in the presence of the compounds; and 
if so (c) separately determining whether the activation of 
the mammalian MCHl receptor is increased by each compound 
included in the plurality of compounds, so as to thereby 
identify the compound which activates the mammalian MCHl 
receptor. In one embodiment, the mammalian MCHl receptor 
is a human MCHl receptor or a mutant of such human MCHl 
receptor which is activated by MCH or an analog or homolog 
thereof. In another embodiment, the mammalian MCHl receptor 
is a rat MCHl receptor. 



This invention provides a method of screening a plurality of 
chemical compounds not known to inhibit the activation of a 
mammalian MCHl receptor to identify a compound which 
inhibits the activation of the mammalian MCHl receptor, 
v;hich comprises: (a) contacting cells transfected with and 
expressing the mammalian MCHl receptor with the plurality of 
compounds in the presence of a known mammalian MCHl receptor 
agonist, under conditions permitting activation of the 
mammalian MCHl receptor; (b) determining whether the 
activation of the mammalian MCHl receptor is reduced in the 
presence of the plurality of compounds, relative to the 
activation of the mammalian MCHl receptor in the absence of 
the plurality of compounds; and if so (c) separately 
determining the inhibition of activation of the mammalian 
MCHl receptor for each compound included in the plurality of 
compounds, so as to thereby identify the compound which 
inhibits the activation of the mammalian MCHl receptor. In 
one embodiment, the mammalian MCHl receptor is a human MCHl 
receptor or a mutant of such human MCHl receptor which is 
activated by MCH or an analog or homolog thereof. In 
another embodiment, the mammalian MCHl receptor is a rat 
MCHl receptor. 

In one embodiment of the above -described methods, the cell 
is a mammalian cell. In another embodiment, the mammalian 
cell is non-neuronal in origin. In a further embodiment, 
the non-neuronal cell is a COS-7 cell, a 293 human embryonic 
kidney cell, a LM(tk-) cell or an NIH-3T3 cell. 

This invention provides a pharmaceutical composition 
comprising a compound identified by the above -described 
methods effective to increase mammalian MCHl receptor 
activity and a pharmaceutically acceptable carrier. 

This invention also provides a pharmaceutical composition 
comprising a compound identified by the above-described 
methods effective to decrease mammalian MCHl receptor 
activity and a pharmaceutically acceptable carrier. 



This invention further provides a method of measuring 
receptor activation in an oocyte expression system such as 
a Xenopus oocyte expression system or melanophore. In an 
embodiment, receptor activation is determined by measurement 
of ion channel activity. In another embodiment, receptor 
activation is measured by aequorin luminescence. 

Expression of genes in Xenopus oocytes is well known in the 
art {Coleman, A., 1984; Masu, y.,et al . , 1994) and is 
performed using microinj ection of native mRNA or in vitro 
synthesized mRNA into frog oocytes . The preparation of in 
vitro synthesized mRNA can be performed by various standard 
techniques (Sambrook, et al . 1989) including using T7 
polymerase with the mCAP RNA mapping kit (Stratagene) . 

This invention provides a method of treating an abnormality 
in a subject wherein the abnormality is alleviated by 
increasing the activity of a mammalian MCHl receptor which 
comprises administering to the subject an amount of a 
compound which is a mammalian MCHl receptor agonist 
effective to treat the abnormality. In separate 

embodiments, the abnormality is a regulation of a steroid or 
pituitaory hormone disorder, an epinephrine release disorder, 
a gastrointestinal disorder , a cardiovascular disorder, an 
electrolyte balance disorder, hypertension, diabetes, a 
respiratory disorder, asthma, a reproductive function 
disorder, an immune disorder, an endocrine disorder, a 
musculoskeletal disorder, a neuroendocrine disorder, a 
cognitive disorder, a memory disorder such as Alzheimer's 
disease, a sensory modulation and transmission disorder, a 
motor coordination disorder, a sensory integration disorder, 
a motor integration disorder, a dopaminergic function 
disorder such as Parkinson's disease, a sensory 

transmission disorder, an olfaction disorder, a sympathetic 
innervation disorder, an affective disorder such as 
depression, a stress -related disorder, a fluid-balance 
disorder, a urinary disorder such as urinary incontinence, 
a seizure disorder , pain , psychotic behavior such as 



schizophrenia, morphine tolerance, opiate addiction or 
migraine . 

This invention provides a method of treating an abnormality 
in a subject wherein the abnormality is alleviated by 
decreasing the activity of a mammalian MCHl receptor which 
comprises administering to the subject an amount of a 
compound which is a mammalian MCHI receptor antagonist 
effective to treat the abnormality. In separate 

embodiments, the abnormality is a regulation of a steroid or 
pituitary hormone disorder, an epinephrine release disorder, 
a gastrointestinal disorder, a cardiovascular disorder, an 
electrolyte balance disorder, hypertension, diabetes, a 
respiratory disorder, asthma, a reproductive function 
disorder, an immune disorder, an endocrine disorder, a 
musculoskeletal disorder, a neuroendocrine disorder, a 
cognitive disorder, a memory disorder such as Alzheimer's 
disease, a sensory modulation and transmission disorder, a 
motor coordination disorder, a sensory integration disorder, 
a motor integration disorder, a dopaminergic function 
disorder such as Parkinson's disease, a sensory transmission 
disorder, an olfaction disorder, a sympathetic innervation 
disorder, an affective disorder such as depression, a 
stress-related disorder, a fluid-balance disorder, a urinary 
disorder such as urinary incontinence, a seizure disorder, 
pain, psychotic behavior such as schizophrenia, morphine 
tolerance, opiate addiction or migraine. 

This invention provides a process for making a composition 
of matter which specifically binds to a mammalian MCHl 
receptor which comprises identifying a chemical compound 
using any of the processes described herein for identifying 
a compound which binds to and/or activates or inhibits 
activation of a mammalian MCHl receptor and then 
synthesizing the chemical compound or a novel structural and 
functional analog or homolog thereof. In one embodiment, 
the mammalian MCHl receptor is a human MCHl receptor or a 
mutant of such human MCHl receptor which is activated by MCH 



or an analog or homolog thereof. In another embodiment, the 
mammalian MCHl receptor is a rat MCKl receptor. 

This invention further provides a process for preparing a 
composition which comprises admixing a pharmaceutically 
acceptable carrier and a therapeutically effective amount of 
a chemical compound identified by any of the processes 
described herein for identifying a compound which binds to 
and/or activates or inhibits activation of a mammalian MCHl 
receptor or a novel structural and functional analog or 
homolog thereof. In one embodiment, the mammalian MCHl 
receptor is a human MCHl receptor or a mutant of such human 
MCHl receptor which is activated by MCH or an analog or 
homolog thereof. In another embodiment, the mammalian MCHl 
receptor is a rat MCHl receptor. 

This invention provides a process for determining whether a 
chemical compound is a human MCHl receptor antagonist which 
comprises contacting cells transf ected with and expressing 
DNA encoding the human MCHl receptor with the compound in 
the presence of a known human MCHl receptor agonist, under 
conditions permitting the activation of the human MCHl 
receptor, and detecting a decrease in human MCHl receptor 
activity, so as to thereby determine whether the compound is 
a human MCHl receptor antagonist, wherein the DNA encoding 
the human MCHl receptor comprises the sequence shown in 
Figure 1 (Seq. ID No. 1) or contained in plasmid pEXJ.HR- 
TL231 (ATCC Accession No. 203197), the known human MCHl 
receptor agonist is MCH or a homolog or analog of MCH, and 
the cells do not express the MCHl receptor prior to 
transf ecting them . 

This invention also provides a process for determining 
whether a chemical compound specifically binds to and 
inhibits activation of a human MCHl receptor, which 
comprises separately contacting cells expressing on their 
cell surface the human MCHl receptor and producing a second 
messenger response upon activation of the human MCHl 



receptor, wherein such cells do not normally express the 
human MCHl receptor and the DNA encoding the human MCHl 
receptor comprises the sequence shown in Figure 1 (Seq. ID 
No. 1) or contained in plasmid pEXJ . HR-TL231 (ATCC Accession 
No. 203197), with both the chemical compound and a second 
chemical compound known to activate the human MCHl receptor, 
and with only the second chemical compound, under conditions 
suitable for activation of the human MCHl receptor, and 
measuring the second messenger response in the presence of 
only the second chemical compound and in the presence of 
both the second chemical compound and the chemical compound, 
a smaller change in the second messenger response in the 
presence of both the chemical compound and the second 
chemical compound than in the presence of only the second 
chemical compound indicating that the chemical compound 
inhibits activation of the human MCHl receptor, wherein the 
second chemical compound is MCH or a homolog or analog of 
MCH. In one embodiment, the second messenger response 
comprises chloride channel activation and the change in 
second messenger response is a smaller increase in the level 
of inward chloride current in the presence of both the 
chemical compound and the second chemical compound than in 
the presence of only the second chemical compound. 

This invention further provides a method of screening a 
plurality of chemical compounds not known to inhibit the 
activation of a human MCHl receptor to identify a compound 
which inhibits the activation of the human MCHl receptor, 
which comprises : 

(a) contacting cells transfected with and expressing the 
human MCHl receptor, wherein such cells do not 
normally express the human MCHl receptor and the DNA 
encoding the human MCHl receptor comprises the 
sequence shown in Figure 1 (Seq. ID No, 1) or 
contained in plasmid pEXJ.HR-TL231 (ATCC Accession No. 
203197) , with the plurality of compounds in the 
presence of a known human MCHl receptor agonist, under 



conditions permitting activation of the human MCHl 
receptor , wherein the known MCHl receptor agonist is 
MCH or a homolog or analog of MCH; 

(b) determining whether the activation of the human MCHl 
receptor is reduced in the presence of the plurality 
of compounds, relative to the activation of the human 
MCHl receptor in the absence of the plurality of 
compounds; and if so 

(c) separately determining the extent of inhibition of 
activation of the human MCHl receptor for each 
compound included in the plurality of compounds, so as 
to thereby identify the compound which inhibits the 
activation of the human MCHl receptor. 

In one embodiment of the above -described methods, the cell 
is an insect cell. In another embodiment, the cell is a 
mammalian cell. In still another embodiment, the cell is a 
mammalian cell which is nonneuronal in origin. In further 
embodiments, the cell is a COS-7 cell, a CHO cell, a 293 
human embryonic kidney cell, a NIH-3T3 cell, a mouse Yl 
cell, or a LM(tk-) cell. 

This invention provides a process for making a composition 
of matter which specifically binds to a human MCHl receptor 
which comprises identifying a chemical compound which 
specifically binds to the human MCHl receptor and then 
synthesizing the chemical compound or a structural and 
functional analog or homolog thereof, wherein the chemical 
compound is identified as binding to the human MCHl receptor 
by a process involving competitive binding which comprises 
contacting cells expressing on their cell surface the human 
MCHl receptor, with both the chemical compound and a second 
chemical compound known to bind to the receptor, and 
separately with only the second chemical compound, under 
conditions suitable for binding of both compounds, and 
detecting the extent of specific binding of the chemical 
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compound to the human MCKl receptor, a decrease in the 
binding of the second chemical compound to the human MCHl 
receptor in the presence of the chemical compound indicating 
that the chemical compound binds to the human MCHl receptor, 
wherein the cells do not normally express the human MCHl 
receptor, the human MCHl receptor is encoded by nucleic acid 
comprising the sequence shown in Figure 1 (Seq. ID No. l) or 
contained in plasmid pEXJ . HR-TL231 (ATCC Accession No. 
2 03197) , and the second chemical compound is MCH or a 
homolog or analog of MCH . 

This invention further provides a process for making a 
composition of matter which specifically binds to a human 
MCHl receptor which comprises identifying a chemical 
compound which specifically binds to the human MCHl receptor 
and then synthesizing the chemical compound or a structural 
and functional analog or homolog thereof , wherein the 
chemical compound is identified as binding to the human MCHl 
receptor by a process involving competitive binding which 
comprises contacting a membrane preparation from cells 
expressing on their cell surface the human MCHl receptor, 
with both the chemical compound and a second chemical 
compound known to bind to the receptor, and separately with 
only the second chemical compound, under conditions suitable 
for binding of both compounds , and detecting the extent of 
specific binding of the chemical compound to the human MCHl 
receptor, a decrease in the binding of the second chemical 
compound to the human MCHl receptor in the presence of the 
chemical compound indicating that the chemical compound 
binds to the human MCHl receptor, wherein the cells do not 
normally express the human MCHl receptor, the human MCHl 
receptor is encoded by nucleic acid comprising the sequence 
shown in Figure 1 (Seq. ID No. 1) or contained in plasmid 
pEXJ.HR-TL231 (ATCC Accession No, 203197) , and the second 
chemical compound is MCH or a homolog or analog of MCH. 

This invention also provides a process for making a 
composition of matter which is a human MCHl receptor 



antagonist which comprises identifying a chemical compound 
which is a human MCHl receptor antagonist and then 
synthesizing the chemical compound or a structural and 
functional analog or homolog thereof, wherein the chemical 
compound is identified as a human MCHl receptor antagonist 
by a process which comprises contacting cells transfected 
with and expressing DNA encoding the human MCHl receptor 
with the compound in the presence of a known human MCHl 
receptor agonist, under conditions permitting the activation 
of the human MCHl receptor, and detecting a decrease in 
human MCHl receptor activity, so as to thereby determine 
whether the compound is a human MCHl receptor antagonist, 
wherein the cells do not normally express the human MCHl 
receptor, the human MCHl receptor is encoded by nucleic acid 
comprising the sequence shown in Figure 1 (Seg. ID No. 1) or 
contained in plasmid pEXJ . HR-TL231 (ATCC Accession No. 
203197) , and the known human MCHl receptor agonist is MCH or 
a homolog or analog of MCH . 

This invention still further provides a process for making 
a composition of matter which specifically binds to and 
inhibits the activation of a human MCHl receptor which 
comprises identifying a chemical compound which specifically 
binds to and inhibits the activation of the human MCHl 
receptor and then synthesizing the chemical compound or a 
structural and functional analog or homolog thereof, wherein 
the chemical compound is identified as binding to and 
inhibiting the activation of the human MCHl receptor by a 
process which comprises separately contacting cells 
expressing on- their cell surface the human MCHl receptor and 
producing a second messenger response upon activation of the 
human MCHl receptor, wherein such cells do not normally 
express the human MCHl receptor and the human MCHl receptor 
is encoded by nucleic acid comprising the sequence shown in 
Figure 1 (Seq. ID No. 1) or contained in plasmid pEXJ.HR- 
TL231 (ATCC Accession No. 2 03197) , with both the chemical 
compound and a second chemical compound known to activate 
the human MCHl receptor, and with only the second chemical 



compound, under conditions suitable for activation of the 
human MCHl receptor, and measuring the second messenger 
response in the presence of only the second chemical 
compound and in the presence of both the second chemical 
compound and the chemical compound, a smaller change in the 
second messenger response in the presence of both the 
chemical compound and the second chemical compound than in 
the presence of only the second chemical compound indicating 
that the chemical compound inhibits activation of the human 
MCHl receptor, wherein the second chemical compound is MCH 
or a homolog or analog of MCH. In one embodiment, the 
second messenger response comprises chloride channel 
activation and the change in second messenger response is a 
smaller increase in the level of inward chloride current in 
the presence of both the chemical compound and the second 
chemical compound than in the presence of only the second 
chemical compound. 

This invention provides a process for preparing a 
composition which comprises identifying a chemical compound 
which specifically binds to a human MCHl receptor, and then 
admixing a carrier and the chemical compound or a structural 
and functional analog or homolog thereof, wherein the 
chemical compound is identified as binding to the human MCHl 
receptor by a process involving competitive binding which 
comprises contacting cells expressing on their cell surface 
the human MCHl receptor, with both the chemical compound and 
a second chemical compound known to bind to the receptor, 
and separately with only the second chemical compound, under 
conditions suitable for binding of both compounds, and 
detecting the extent of specific binding of the chemical 
compound to the human MCHl receptor, a decrease in the 
binding of the second chemical compound to the human MCHl 
receptor in the presence of the chemical compound indicating 
that the chemical compound binds to the human MCHl receptor, 
wherein the cells do not normally express the human MCHl 
receptor, the human MCHl receptor is encoded by nucleic acid 
comprising the sequence shown in Figure 1 (Seg, ID No. l) or 



contained in plasmid pEXJ .HR-TL231 lATCC Accession No. 
203197) , and the second chemical compound is MCH or a 
homolog or analog of MCH. 

This invention further provides a process for preparing a 
composition which comprises identifying a chemical compound 
which specifically binds to a human MCHl receptor, and then 
admixing a carrier and the chemical compound or a structural 
and functional analog or homolog thereof, wherein the 
chemical compound is identified as binding to the human MCHl 
receptor by a process involving competitive binding which 
comprises contacting a membrane preparation from cells 
expressing on their cell surface the human MCHl receptor, 
with both the chemical compound and a second chemical 
compound known to bind to the receptor, and separately with 
only the second chemical compound, under conditions suitable 
for binding of both compounds, and detecting the extent of 
specific binding of the chemical compound to the human MCHl 
receptor, a decrease in the binding of the second chemical 
compound to the human MCHl receptor in the presence of the 
chemical compound indicating that the chemical compound 
binds to the human MCHl receptor, wherein the cells do not 
normally express the human MCHl receptor, the human MCHl 
receptor is encoded by nucleic acid comprising the sequence 
shown in Figure 1 (Seq. ID No. 1) or contained in plasmid 
pEXJ.HR-TL231 (ATCC Accession No. 203197) , and the second 
chemical compound is MCH or a homolog or analog of MCH. 

This invention also provides a process for preparing a 
composition which comprises identifying a chemical compound 
which is a human MCHl receptor antagonist, and then admixing 
a carrier and the chemical compound or a structural and 
functional analog or homolog thereof, wherein the chemical 
compound is identified as a human MCHl receptor antagonist 
by a process which comprises contacting cells transfected 
with and expressing DNA encoding the human MCHl receptor 
with the compound in the presence of a known human MCHl 
receptor agonist, under conditions permitting the activation 



cf the human MCHl receptor, and detecting a decrease in 
human MCHl receptor activity, so as to thereby determine 
whether the compound is a human MCHl receptor antagonist, 
wherein the cells do not normally express the human MCHl 
receptor, the human MCHl receptor is encoded by nucleic acid 
comprising the sequence shown in Figure 1 (Seq. ID No. 1) or 
contained in plasmid pEXJ,HR-TL231 (ATCC Accession No. 
2 03197) , and the known human MCHl receptor agonist is MCH or 
a homolog or analog of MCH. 

This invention still further provides a process for 
preparing a composition which comprises identifying a 
chemical compound which specifically binds to and inhibits 
the activation of a human MCHl receptor, and then admixing 
a carrier and the chemical compound or a structural and 
functional analog or homolog thereof, wherein the chemical 
compound is identified as binding to and inhibiting 
activation of the human MCHl receptor by a process which 
comprises separately contacting cells expressing on their 
cell surface the human MCHl receptor and producing a second 
messenger response upon activation of the human MCHl 
receptor, wherein such cells do not normally express the 
human MCHl receptor and the human MCHl receptor is encoded 
by nucleic acid comprising the sequence shown in Figure 1 
(Seq. ID No. 1) or contained in plasmid pEXJ . HR-TIj231 (ATCC 
Accession No. 203197) , with both the chemical compound and 
a second chemical compound known to activate the human MCHl 
receptor, and with only the second chemical compound, under 
conditions suitable for activation of the human MCHl 
receptor, and measuring the second messenger response in the 
presence of only the second chemical compound and in the 
presence of both the second chemical compound and the 
chemical compound, a smaller change in the second messenger 
response in the presence of both the chemical compound and 
the second chemical compound than in the presence of only 
the second chemical compound indicating that the chemical 
compound inhibits activation of the human MCHl receptor, 
wherein the second chemical compound is MCH or a homolog or 



analog of MCK. In one embodiment, the second messenger 
response comprises chloride channel activation and the 
change in second messenger response is a smaller increase in 
the level of inward chloride current in the presence of both 
the chemical compound and the second chemical compound than 
in the presence of only the second chemical compound. 

In one embodiment of any of the above methods, the cell is 
an insect cell. In another embodiment, the cell is a 
mammalian cell. In another embodiment, the mammalian cell 
is nonneuronal in origin. In further embodiments, the 
nonneuronal cell is a COS- 7 cell, a 293 human embryonic 
kidney cell, a CHO cell, a NIH-3T3 cell, a mouse Yl cell, or 
a LM(tk-) cell. 

Thus, once the gene for a targeted receptor subtype is 
cloned, it is placed into a recipient cell which then 
expresses the targeted receptor subtype on its surface. 
This cell, which expresses a single population of the 
targeted human receptor subtype, is then propagated 
resulting in the establishment of a cell line . This cell 
line, which constitutes a drug discovery system, is used in 
two different types of assays : binding assays and functional 
assays. In binding assays, the affinity of a compound for 
both the receptor subtype that is the target of a particular 
drug discovery program and other receptor subtypes that 
could be associated with side effects are measured. These 
measurements enable one to predict the potency of a 
compound, as well as the degree of selectivity that the 
compound has for the targeted receptor subtype over other 
receptor subtypes. The data obtained from binding assays 
also enable chemists to design compounds toward or away from 
one or more of the relevant subtypes, as appropriate, for 
optimal therapeutic efficacy. In functional assays, the 
nature of the response of the receptor subtype to the 
compound is determined. Data from the functional assays 
show whether the compound is acting to inhibit or enhance 
the activity of the receptor subtype, thus enabling 



pharmacologists to evaluate compounds rapidly at their 
ultimate human receptor subtypes targets permitting chemists 
to rationally design drugs that will be more effective and 
have fewer or substantially less severe side effects than 
existing drugs . 

Approaches to designing and synthesizing receptor subtype - 
selective compounds are well known and include traditional 
medicinal chemistry and the newer technology of 
combinatorial chemistry, both of which are supported by 
computer -assisted molecular modeling. With such approaches / 
chemists and pharmacologists use their knowledge of the 
structures of the targeted receptor subtype and compounds 
determined to bind and/or activate or inhibit activation of 
the receptor subtype to design and synthesize structures 
that will have activity at these receptor subtypes. 

Combinatorial chemistry involves automated synthesis of a 
variety of novel compounds by assembling them using 
different combinations of chemical building blocks* The use 
of combinatorial chemistry greatly accelerates the process 
of generating compounds . The resulting arrays of compounds 
are called libraries and are used to screen for compounds 
("lead compounds") that demonstrate a sufficient level of 
activity at receptors of interest . Using combinatorial 
chemistry it is possible to synthesize "focused" libraries of 
compounds anticipated to be highly biased toward the 
receptor target of interest . 

Once lead compounds are identified, whether through the use 
of combinatorial chemistiry or traditional medicinal 
chemistry or otherwise , a variety of homologs and analogs 
are prepared to facilitate an understanding of the 
relationship between chemical structure and biological or 
functional activity . These studies define structure 
activity relationships which are then used to design drugs 
with improved potency, selectivity and pharmacokinetic 
properties. Combinatorial chemistry is also used to rapidly 
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generate a variety of structures for lead optimization. 
Traditional medicinal chemistry, which involves the 
synthesis of compounds one at a time, is also used for 
further refinement and to generate compounds not accessible 
by automated techniques. Once such drugs are defined the 
production is scaled up using standard chemical 
manufacturing methodologies utilized throughout the 
pharmaceutical and chemistry industry. 

This invention will be better understood from the 
Experimental Details which follow. However, one skilled in 
the art will readily appreciate that the specific methods 
and results discussed are merely illustrative of the 
invention as described more fully in the claims which follow 
15 thereafter. 
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T^ST search of GENEMBL was perf ormed^ wxth ^^^-^fff 



sequence analysis package (Genetics Computer Group, Madxson 
: fusing a synaptic Pha^aceutical -^--^^^^/J^^:^^:^ 
e FB4la as a query. This resulted m the 
"entrii^ation o'f an EST (accession nunU^er F07228) with a 
high degree of homology to FB4la and somatostatin, opxate 
and galanin receptors. 

™. HKA was purified f.o. hun,an -^iPP-^P^^ 
(Clcn.ech) using a FastTrack kit <"^^"°^=":.^n^' 
cDNA was synthesized from poly A* RHA acccrd^Lng to Gubler 
and Hoffman <X.S3, with minor modifications. -''^ "^^^^^^ 

was ligated to BstXX adaptors ^^"^^^^^^'J^'^Z 
the excess adaptors removed by exclusion 
chromatography. High molecular weight fractions of size- 
Selected ds-cDNA were ligated in pExa.BS. an OKayama and 

expression vector modified from pcEXV (Miller and 
Berg express ^^^^^ ^^^^^ additional 

Germain, lyob^ ^ . , ^Tr^Tn^cs 

restriction sites. A total of 2.2 xio' -^-P-^^y^";^^ 
„ith a mean insert size of 3.0 kb were generated. The 
library was plated on agar plates (ampiciUin selection and 
gly=e-l "-"^^ °' independent clones 

!ire prepared. Primary glycerol stocks were also grouped 
together in groups of approximately 10 to create superpools. 

^i!::::^cks of the superpods and prima;y pools from the 



human hippocampal cDNA library were screened by PGR with 
F07226 specific primers T579 and T580 using Taq DNA 
Polymerase (Boehringer-Mannheim, Indianapolis, IN) and the 
following PCR protocol: 94''C hold for 5 minutes; 40 cycles 
of 94''C for 2 minute, SB^'C for 4 minutes; 7 minute hold at 
68''C; 4*^C hold until the samples are run on a gel. One 
positive primary pool 490, was successively divided into 
subpools, amplified in LB medium overnight and screened by 
PCR using primers T579 and T580. One positive subpool, 490- 
4-10-25 was plated on agar plates (ampicillin selection), 
and colonies were transferred to nitrocellulose membranes 
(Schleicher and Schuell, Keene , NH) . Filters were hybridized 
for two days under high stringency conditions with 10^ cpm/ml 
of a ^'P-labeled cDNA probe, T581, designed against the 
F07228 EST sequence. Filters were washed and apposed to 
Biomax MS film (Kodak) . Seven positive colonies were 

picked, streaked on LB-AMP plates, and grown overnight. Two 
individual colonies from each of the original seven were 
picked and subjected to vector- anchored PCR using the 
following primer pairs: T95, T580 and T94 , T579. One 
positive colony, Gl , was amplified overnight in TB and 
processed for plasmid purification. This plasmid was 
designated TL230 and sequenced on both strands with a 
Sequenase kit (US Biochemical, Cleveland, Ohio), Nucleotide 
and peptide sequence analysis were performed with GCG 
programs (Genetics Computer Group, Madison, WI) , A Hindlll- 

Kpnl fragment of TL23 0 was subcloned into the mammalian 

expression vector pEXJ, and named TL231. 

Primers and Probes: 

TL579: 5 • -GGGAACTCCACGGTCATCTTCGCGGT-3 ' (SEQ ID NO : 5) 

TL58 0 : 5 ' - TAGCGGTCAATGGCCATGGCGGTCAG- 3 * ( SEQ ID NO : 6 ) 
TL581: 

5 * -CTCCTGGGCATGCCCTTCATGATCCACCAGCTCATGGGCAATGGG-3 ' 
(SEQ ID NO: 7) 
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TL94 : 5 ' -CTTCTAGGCCTGTACGGAAGTGTTA-3 ' (SEQ ID NO : 8) 

TL95: 5 • -GTTGTGGTTTGTCCAAACTCATCAATG-3 • (SEQ ID NO: 9) 

T«=;nlaliiQn of a Fragment q£. g Spgcj^g h<?Tng3,pgve Ol TL231 

To obtain a fragment of a species homologue of TL231, the 
species genomic DNA (Clontech) may be amplified with a 
forward PCR primer corresponding to one of the TM regions of 
TL2 31 and a reverse primer corresponding to another TM 
region of TL231. PCR may be performed with the Expand Long 
Template PCR System (Boeringer Mannheim) , for example, under 
the following conditions: 3 0 sec at 94^C, 1.5 min at SO^'C, 
1.5 min at 68 °C for 40 cycles, with a pre- and post- 
incubation of 5 min at 94°C and 7 min at 68°C, respectively. 
A band is isolated, subcloned using the TA cloning kit 
(Invitrogen) , and sequenced. The sequence is run and 
analyzed on an ABI PRISM 3 77 BigDye Terminator Cycle 
Sequencing Kit Sequencer. Forward and reverse PCR primers 
are designed against this sequence and used to amplify a 
band from genomic DNA using, for example, the following 
conditions: 30 sec at 94*^C, 1,5 min at 68°C for 35 cycles, 
with a pre- and post -incubation of 5 min at 94°C and 5 min 
at 6 8^C, respectively. The PCR product is subcloned using 
the TA cloning kit (Invitrogen) , Miniprep cultures of 
transf ormants are prepared and sequenced as above. 

Isolation of a full-length species homoloa of TL231 ( human 

MCHl) 

A nucleic acid sequence encoding an MCHl receptor may be 
isolated using standard molecular biology techniques and 
approaches such as those briefly described below: 

Approach #1: To obtain a full-length MCHl receptor, a 
cosmid library could be screened with a ^^P- labeled 
oligonucleotide probe. 



The full-length sequence may be obtained by sequencing this 
cosmid clone with additional sequencing primers. Since one 
intron is present in this gene the full-length intronless 
gene may be obtained from cDNA using standard molecular 
biology techniques. For example, a forward PGR primer 
designed in the 5'UT and a reverse PGR primer designed in 
the 3'UT may be used to amplify a full-length, intronless 
gene from cDNA. Standard molecular biology techniques could 
be used to subclone this gene into a mammalian expression 
vector . 

Approach #2: Standard molecular biology techniques could be 
used to screen commercial cDNA phage libraries by 
hybridization under high stringency with a ^"P- labeled 
oligonucleotide probe. One may isolate a full-length MCHl 
receptor by obtaining a plaque purified clone from the 
lambda libraries and then subjecting the clone to direct DNA 
sequencing. Alternatively, standard molecular biology 
techniques could be used to screen in-house cDNA plasmid 
libraries by PGR amplification of library pools using 
primers to the MGHl sequence. A full-length clone could be 
isolated by Southern hybridization of colony lifts of 
positive pools with a ^-P- labeled oligonucleotide probe. 

Approach #3 : As yet another alternative method, one could 
utilize 3 ' and 5 ' RACE to generate PGR products from cDNA 
expressing MGHl which contain the additional sequences of 
MCHl. These RAGE PGR products could then be sequenced to 
determine the missing sequence. This new sisquence could 
then be used to design a forward PGR primer in the 5'UT and 
a reverse primer in the 3'UT. These primers could then be 
used to amplify a full-length MGHl clone from cDNA. 

Cons -true tl on '^■P Pinm an MCHl Mu -tan t.s 



The plasmid TL231 
residues, any of 
translation of the 



encodes three 
which could 
MCHl receptor . 



in frame methionine 
potentially initiate 
The ability of these 



residues to function in a heterologous expression system was 
examined by constructing mutants of TL231 in which one or 
more of the downstream methionine residues was mutated to 
alanine. Mutagenesis was performed using the QuickChange 
site-directed mutagenesis kit (Stratagene ) . Each 50 ul PCR 
reaction contained 10 mM KCl, 10 mM (NHJ.SO., 20 mM Tris-HCl 

(pH 8.8), 2 mM MgSO,, 0.1% Triton X-100, O.lmg/ml nuclease- 
free BSA, 114 ng each of two mutagenesis primers (see 
below), 50 ng of plasmid DNA template (see below), 2.5 
units of PfuTurbo DNA polymerase, and 1 ul of the 
proprietary dNTP mix provided in the kit. Thermocycling was 
performed with an Applied Biosystems 9700 machine using the 
following cycling parameters: one cycle of 95° for 30 
seconds; eighteen cycles of 95" for 30 seconds, 55° for 1 
minute, 68° for 2.5 minutes; a final hold at 4°. Next, 1 ul 

(10 units) of Dpnl restriction enzyme was added to the 
mutagenesis reaction followed by incubation at 37° for 1 
hour. A 2 ul aliquot of this digestion was used to transform 
50 ul of E.coli XLl-Blue cells provided with the mutagenesis 
kit. Transformants were selected by their ability to grow at 
37°on LB plates containing 100 ug/ml ampicillin. Single 
colonies which resulted from the overnight incubation of the 
plates were used to inoculate 2 ml cultures of LB-ampicillin 
and allowed to grow overnight at 37° with shaking. Miniprep 
DNA was prepared from these cultures using the Qiagen 
miniprep system and subjected to automated sequence 
analysis. This allowed both the confirmation of the desired 
mutation and the integrity of the remainder of the MCHl 
coding sequence. After identification of a correctly mutated 
clone, a large scale DNA prep was prepared using a Qiagen 
megaprep column. 

To create the clone encoding only the M70A mutation, the 
template DNA was TL231 and the mutagenesis primers were 
RP192 and RP193. This clone is designated R106 (SEQ ID NO: 



16) and encodes only the first two potential start ccdons 
(See Figure 12) . To create the clone encoding both the M6A 
and the M70A mutations, the template DNA was R106 and the 
mutagenesis primers were RP190 and RP191. The resulting 
clone is designated R114 (SEQ ID NO: 17) and encodes only 
first start codon (See Figure 12). 



If desired, the same mutagenesis technology can be employed 
to construct additional MCHl mutants that encode other 
combinations of the available methionine residues. The 
mutation MIA could be constructed using primers XI and X2 . 
Such a change would eliminate the first methionine but 
retain the two downstream residues. Likewise, the double 
mutation MIA, M70A could be constructed by sequentially 
using primer pairs XI/ X2 and RP192/RP193. This would create 
a gene in which only the second methionine was left intact. 

Primers used in the generation of hMCHl mutant receptor 
constructs : 



Mutant: Pr -im*^^ Parxmea: Sequence 

RIO 6 RP192 5' CGGCACTGGCTGGGCGGACCTGGAAGCCTCG 3' (SEQ 
ID NO: 18) 

M70A) RP193 5' CGAGGCTTCCAGGTCCGCCCAGCCAGTGCCG 3' 
(SEQ ID NO: 19) 

R114 RP190 5' ATGTCAGTGGGAGCCGCGAAGAAGGGAGTGGG 3' (SEQ 
ID NO: 20) 

(MSA, RP191 5' CCCACTCCCTTCTTCGCGGCTCCCACTGACAT 3' 
M70A) (SEQ ID NO: 21) 

(MIA) XI 5 • TAATGTGTCTAGGTGGCGTCAGTGGGAGCCATG 3' (SEQ 

ID NO: 22) 

X2 5 • CATGGCTCCCACTGACGCCACCTAGACACATTA 3' (SEQ 

ID NO: 23) 



Consfciruction of a shor t fonn of t:he human MCHl receptioy 

A short ftrm of the human MCHl receptor expressing only the 
5 most dowhstream of the three potential initiating 

methionine^ was generated as follows. TL231 was amplified 
with BB112^ (a forward primer beginning 10 nucleotides 
upstream oA the third methionine in TL231, and also 
incorporating a ifindlll site) and BB1123 (a reverse primer 
in the second transmembrane domain) and the resulting 
product digested with Hincflll and BgillA. PGR was performed 
with the Expan^ Long Template PGR System (Roche Molecular 
Biochemicals, Indianapolis, IN) under the following 
conditions: 20 ^econds at 94°C, 1 minute at 68°G for 40 
15 cycles, with a pr^ and post-incubation of 5 minutes at 94°G 

and 7 minutes at 0e°C respectively. The 270 bp product was 
gel purified and\ ligated to a 4 kb ifindlll/Bglll 
restriction fragmenA from TL231. The resulting construct 
was named B0120 (SEQ\CD NO: 24). 

20 

Primers used in the construction of the truncated human MCHl 
receptor: 

fiiO BB1122 5 • - VgAGACTAAGCTTCACTGGCTGGATGGAGGTGGAAGG -3' (SEQ 

^ 25 ID NO: 25) \ 



BB1123 5'- GCGO^GGAGAAAGAGGAGATCTAC -3 ' (SEQ ID NO: 26 



) 



30 Host cells 

A broad variety of host cells can be used to study 
heterologously expressed proteins. These cells include but 
are not restricted to assorted mammalian lines such as; Cos- 
1, Cao, LM(tk-), HEK293, etc.; insect cell lines such as; 
35 Sf9, Sf21, etc.; amphibian cells such as xenopus oocytes; 

and others. 



COS -7 cells are grovm on 150 mm plates in DMEM with 
supplements (Dulbecco's Modified Eagle Medium with 10% 
bovine calf serum, 4 mM glutamine, 100 units/ml 
penicillin/100 /xg/ml streptomycin) at 37°C, 5% CO.. Stock 
plates of COS- 7 cells are trypsinized and split 1:6 every 3- 
4 days . 

Human embiryonic kidney 293 cells are grown on 150 mm plates 
in DMEM with supplements (10% bovine calf serum, 4 mM 
glutamine, 100 units/ml penicillin/100 /ig/ml streptomycin) 
at 37°C, 5% CO2. Stock plates of 293 cells are trypsinized 
and split 1:6 every 3-4 days. 

Mouse fibroblast liM(tk-) cells are grown on 150 mm plates in 
D-MEM with supplements (Dulbecco*s Modified Eagle Medium 
with 10% bovine calf serum, 4 mM glutamine, 100 units/ml 
penicillin/100 /zg/ml streptomycin) at 37°C, 5% COo. Stock 
plates of LiM(tk-) cells are trypsinized and split 1:10 every 
3-4 days, 

Chinese hamster ovary (CHO) cells were grown on 150 mm 
plates in HAM's F-12 medium with supplements (10% bovine 
calf serum, 4 mM L-glutamine and 100 units/ml penicillin/ 
100 /xg/ml streptomycin) at 37°C, 5% COj- Stock plates of CHO 
cells are tarypsinized and split 1:8 every 3-4 days. 

Mouse embryonic fibroblast NIH-3T3 cells are grown on 150 mm 
plates in Dulbecco's Modified Eagle Medium (DMEM) with 
supplements (10% bovine calf serum, 4 mM glutamine , 100 
units/ml penicillin/100 fig/ml streptomycin) at 37**C, 5% COo. 
Stock plates of NIH-3T3 cells are trypsinized and split 1:15 
every 3-4 days. 

Sf9 and Sf21 cells are grown in monolayers on 150 mm tissue 
culture dishes in TMN-FH media supplemented with 10% fetal 
calf serum, at 27°C, no CO^ . High Five insect cells are 
grown on 150 mm tissue culture dishes in Ex-Cell 400™ medium 



supplemented with L-Glutamine, also at 27°C, no CO;. 

In some cases, cell lines that grow as adherent monolayers 
can be converted to suspension culture to increase cell 
yield and provide large batches of uniform assay material 
for routine receptor screening projects. 

Xenopus oocytes can also be used as a host system for 
transient expression of heterologous proteins. Their 
maintenance and usage is described in the 
electrophysiological methods section that follows. 

Transie nt expression 

DNA encoding proteins to be studied can be transiently 
expressed in a variety of mammalian, insect, amphibian and 
other cell lines by several methods including but not 
restricted to; calcium phosphate -mediated, DEAE-dextran 
mediated. Liposomal - mediated, viral - medi a ted, 

electroporation-mediated and microinjection deliveiry. Each 
of these methods may require optimization of assoz-ted 
experimental parameters depending on the DNA, cell line, and 
the type of assay to be subsequently employed. 

A typical protocol for the calcium phosphate method as 
applied to LiM(tk-) cells is described as follows; Adherent 
cells are harvested approximately twenty- four hours before 
transfection and replated at a density of 1-2 x 10^ cells/cm^ 
in a 100 mm tissue culture dish and allowed to xncubate over 
night at Sl'^C at 5% CO:;. 250 /il of a mixture of CaClz and 
DNA (20 /ig DNA in 250 mM CaCl^) is added to a 5 ml plastic 
tube and 250 ul of 2X HBS (250 mM NaCl, 10 mM KCl, 1.5 mM 
Na^HPO^r 12 mM dextrose, 50 mM HEPES) is slowly added with 
gentle mixing- The mixture is allowed to incubate for 2 0 
minutes at room temperature to allow a DNA precipitate to 
form. The cells are then washed with complete medium, 10 ml 
of culture medium is added to each plate, followed by 
addition of the DNA precipitate. The cells are then 



incubared for 24 to 48 hours at 37^C at 5% CO;. 

A typical protocol for the DEAE-dextran method as applied to 
Cos- 7 cells is described as follows; Cells to be used for 
transfection are split 24 hours prior to the transfection to 
provide flasks which are 70-80% confluent at the time of 
transfection. Briefly, 8 fig of receptor DNA plus 8 ^9 cf 
any additional DNA needed (e.g. protein expression vector, 
reporter construct, antibiotic resistance marker, mock 
vector, etc.) are added to 9 ml of complete DMEM plus DEAE- 
dextran mixture (10 mg/ml in PBS) . Cos -7 cells plated into 
a T225 flask (sub-conf luent ) are washed once with PBS and 
the DNA mixture is added to each flask. The cells are 
allowed to incubate for 30 minutes at 37*'C, 5% CO:*, 
Following the incubation, 36 ml of complete DMEM with 80 /iM 
chloroguine is added to each flask and allowed to incubate 
an additional 3 hours. The medium is then aspirated and 24 
ml of complete medium containing 10% DMSO for exactly 2 
minutes and then aspirated. The cells are then washed 2 
times with PBS and 3 0 ml of complete DMEM added to each 
flask. The cells are then allowed to incubate over night. 
The next day the cells are harvested by trypsinization and 
reseeded as needed depending upon the type of assay to be 
performed. 

A typical protocol for liposomal -mediated transfection as 
applied to CHO cells is described as follows; Cells to be 
used for transfection are split 24 hours prior to the 
transfection to provide flasks which are 70-80% confluent at 
the time of transfection, A total of lO/ig of DNA which may 
include varying ratios of receptor DNA plus any additional 
DNA needed (e.g. protein expression vector, reporter 

construct, antibiotic resistance marker, mock vector, etc.) 
is used to transfect each 75 cm* flask of cells. Liposomal 
mediated transfection is carried out according to the 
manufacturer* s recomtmendations (Lipof ectAMINE, GibcoBRl*, 
Bethesda, MD) . Transfected cells are hairvested 24 h post 
transfection and used or reseeded according the requirements 



of the assay to be employed. 



A typical protocol for the electroporation method as applied 
to Cos- 7 cells is described as follows; Cells to be used for 
transfection are split 24 hours prior to the transfection to 
provide flasks which are subconfluent at the time of 
transfection. The cells are harvested by trypsinization 
resuspended in their growth media and counted- 4 x 10' cells 
are suspended in 3 00 fil of DMEM and placed into an 
electroporation cuvette. 8 /ig of receptor DNA plus 8 fig of 
any additional DNA needed (e.g. protein expression vector, 
reporter construct, antibiotic resistance marker, mock 
vector, etc.) is added to the cell suspension, the cuvette 
is placed into a BioRad Gene Pulser and subjected to an 
electrical pulse (Gene Pulser settings: 0.25 kV voltage, 950 
fiF capacitance) . Following the pulse, 800 /xl of complete 
DMEM is added to each cuvette and the suspension transferred 
to a sterile tube. Complete medium is added to each tube to 
bring the final cell concentration to 1 x 10^ cells/100 ^tl . 
The cells are then plated as needed depending upon the type 
of assay to be performed. 

A typical protocol for viral mediated expression of 
heterolgous proteins is described as follows for baculovirus 
infection of insect SfS cells. The coding region of DNA 
encoding the receptor disclosed herein may be subcloned into 
pBlueBacIII into existing restriction sites or sites 
engineered into sequences 5 ' and 3 • to the coding region of 
the polypeptides. To generate baculovirus, 0.5 /ig of viral 
DNA (BaculoGold) and 3 fig of DNA construct encoding a 
polypeptide may be co- transf ected into 2 x 10* SpodoptBra, 

frugiperda insect SfS cells by the calcium phosphate co- 
precipitation method, as outlined in by Pharmingen (in 
"Baculoviirus Expression Vector System: Procedures and Methods 
Manual") . The cells then are incubated for 5 days at 27°C. 
The supernatant of the co- transf ect ion plate may be 
collected by centrif ugation and the recombinant virois plaque 
purified. The procedure to infect cells with virus, to 



prepare stocks of virus and to titer the virus stocks are as 
described in Pharmingen ' s manual. Similar principals would 
in general apply to mammalian cell expression via retro- 
viruses, Simliki forest virus and double stranded DNA 
viruses such as adeno- , herpes-, and vacinia * viruses , and 
the like. 

Microinjection of cRNA encoding for proteins of interest is 
useful for the study of protein function in xenopus oocytes 
as well as cultured mammalian cells. A typical protocol for 
the preparation of cRNA and injection into xenopus oocytes 
can be found in the following electrophysiology section. 

g^>a>tj<a > expression 

Heterologous DNA can be stably incorporated into host cells, 
causing the cell to perpetually express a foreign pr-otein. 
Methods for the delivery of the DNA into the cell are 
similar to those described above for transient expression 
but require the co- transf ection of an ancillary gene to 
confer drug resistance on the targeted host cell. The 
ensuing drug resistance can be exploited to select and 
maintain cells that have taken up the heterologous DNA. An 
assortment of resistance genes are available including but 
not restricted to Neomycin, Kanamycin, and Hygromycin. For 
the purposes of receptor studies, stable expression of a 
heterologous receptor protein is carried out in, but not 
necessarily restricted to, mammalian cells including, CHO, 
HEK293, LM(tk-), etc. 

Cell membrane pi-eparatlon 

For binding assays, pellets of transf ected cells are 
suspended in ice-cold buffer (20 mM Tris.HCl, 5 mM EDTA, pH 
7.4) and homogenized by sonication for 7 sec. The cell 
lysates are centrifuged at 200 x g for 5 min at 4*C. The 
supematants are then centrifuged at 40,000 x g for 20 min 
at 4**C. The resulting pellets are washed once in the 
homogenization buffer and suspended in binding buffer (see 
methods for radioligand binding) . Protein concentrations are 



determined by the method of Bradford (1976) using bovine 
serum albumin as the standard. Binding assays are usually 
performed immediately, however it is possible to prepare 
membranes in batch and store frozen in liquid nitrogen for 
future use . 

Cells may be screened for the presence of endogenous human 
receptor by radioligand binding (described in detail below) . 
Qg^ls with either no or a low level of the endogenous human 
receptor disclosed herein may be transfected with the 
exogenous receptor . 

MCHl binding experiments with membranes (20-4 0 /xg membrane 
protein) from transfected cells are performed with 0.1 nM 
["--'I] Phe^^-Tyr^^-MCH (Custom labeled by NEN) using incubation 
buffer consisting of 50mM Tris pH 7.4, lOmM MgCl2, 2 /xg/ml 
aprotonin, 0 . 5mM PMSF and 50 ^9/^1 bacitracin. Binding is 
performed at 25 °C for 1 hr. Incubations are terminated by 
rapid vacuum filtration over GF/C glass fiber filters, 
presoaked in 5% PEI using 50 mM Tris pH 7.4 containing 0.01% 
triton X-100 as wash buffer. In all experiments nonspecific 
binding is defined using 10 fiM unlabeled MCH. 

pimrtional assays 

Cells may be screened for the presence of endogenous 
mammalian receptor using functional assays (described in 
detail below) . Cells with no or a low level of endogenous 
receptor present may be transfected with the exogenous 
receptor for use in the following functional assays. 

A wide spectrum of assays can be employed to screen for 
receptor activation. These range from traditional 

measurements of phosphatidyl inositol, cT^P, Ca**, and K*, 
for example; to systems measuring these same second 
messengers but which have been modified or adapted to be 
higher throughput, more generic, and more sensitive; to cell 
based platforms reporting more general cellular events 



resulting from receptor activation such as mecabolic 
changes, differentiation, and cell division/proliferation, 
for example; to high level organism assays which monitor 
complex physiological or behavioral changes thought to be 
involved with receptor activation including cardiovascular, 
analgesic, orexigenic, anxiolytic, and sedation effects, for 
example , 

ryrlic AMP (c AMP) assay 

The receptor-mediated stimulation or inhibition of cyclic 
AMP (cAMP) formation may be assayed in cells expressing the 
mammalian receptors. Cells are plated in 96 -well plates and 
incubated in Dulbecco ' s phosphate buffered saline (PBS) 
supplemented with 10 mM HEPES, ImM isobutylmethylxanthine 
for 20 min at 37**C, in 5% CO.. Test compounds are added with 
or without 10 forskolin and incubated for an additional 
10 min at 3 7®C, The medium is then aspirated and the 
reaction stopped by the addition of 100 mM HCl . The plates 
are stored at 4*^0 for 15 min, and the cAMP content in the 
stopping solution measured by radioimmunoassay. 
Radioactivity may be quantified using a gamma counter 
equipped with data reduction software. 

Ararhidonic acid release assay 

Cells expressing the mammalian receptor are seeded into 96 
well plates and grown for 3 days in HAM's F-12 with 
supplements. [^H] -arachidonic acid (specific activity = 0.75 
fxCi/ml) is delivered as a 100 ;iL aliquot to each well and 
samples were incubated at 37° c, 5% CO^ for 18 hours. The 
labeled cells are washed three times with 200 /zL HAM'S F-12. 
The wells are then filled with medium (200 /xL) and the assay 
is initiated with the addition of peptides or buffer (22 
^L) . Cells are incubated for 3 0 min at 3 7**C, 5% CO:. 
Supernatants are transferred to a microtiter plate and 
evaporated to dryness at 75 ^C in a vacuum oven. Samples are 
then dissolved and resuspended in 25 |iL distilled water- 
Scintillant (3 00 /xL) is added to each well and samples are 
counted for in a Trilux plate reader. Data are analyzed 



using nonlinear regression and statistical techniques 
ilable in the GraphPAD Prism package (San Diego, -CA) . 



ava 



The intracellular free calcium concentration may be measured 
by microspectrof lourometry using the fluorescent indicator 
dye Fura-2/AM (Bush et al, 1991) . Cells are seeded onto a 
35 mm culture dish containing a glass coverslip insert, 
washed with HBS and loaded with 100 fih of Fura-2/AM (10 ^M) 
for 2 0 to 4 0 min. After washing with HBS to remove the 
Fura-2/AM solution, cells are equilibrated in HBS for 10 to 
2 0 min. Cells are then visualized under the 4 OX objective 
of a Leitz Fluovert FS microscope and fluorescence emission 
is determined at 510 nM with excitation wavelengths 
alternating between 340 nM and 380 nM. Raw fluorescence 
data are converted to calcium concentrations using standard 
calcium concentration curves and software analysis 
techniques. 

Tnositiol phosphate assay 

Guidelines for cell preparation and assay of the second 
messenger inositol phosphate (IP) are described below for a 
typical protocol involving transiently transfected Cos-7 
cells; For a 96 well microplate format assay, cells are 
plated at 70,000 cells per well and allowed to incubate for 
24 hours after the transfection procedure. The cells are 
then labeled with 0.5 pCi [ ^H] myo-inositol per micro-well 
over night at 37°C, 5% CO^. Immediately before the assay, 
the medium is removed and replaced with 90 pi PBS containing 
10 wM LiCl. The plates are then incubated for 15 minutes at 
37^C, 5% CO.. Following the incubation, the transf ectants 
are challenged with agonist (10 pl/well; lOX concentration) 
for 30 minutes at 37°C, 5% CO^. The challenge is terminated 
and the cells lysed by the addition of 100 pi cold 5% v/v 
trichloroacetic acid (TCA) , followed by an incubation at 4*^0 
for greater than 30 minutes. Total IPs are isolated from 
the lysate by ion exchange chromatography. Briefly, the 



lysed contents of the wells are transferred to a Multiscreen 
HV filter plate (Millipore) containing 100 pi Dowex' AG1-X8 
suspension (50% v/v, waterrresin) (200-400 mesh, formate 
form) . The filter plates are placed on a vacuum manifold to 
wash and elute the resin bed. Each well is first washed 2 
times with 200 ul 5 mM myoinositol. Total [^H]IPs are eluted 
with 75 pi of 1.2 M ammonium formate/0.1 M formic acid into 
Wallac 96-well plates - ? 200 pi of SuperMix scintillation 
cocktail is added to each well, mixed well, allowed to 
equilibrate and counted on a Micro Beta Trilux scintillation 
counter. (Note: The assay may be scaled to a 24 well format 
by simple adjustment of reagent volumes and employing 
individual chromatographic columns.) 

HTPyg f nngtional assav 

Membranes from cells transfected with the mammalian 
receptors are suspended in assay buffer (5 0 mM Tris, 100 mM 
NaCl, 5 mM MgClj, pH 7.4) supplemented with 0.2% BSA and 10 
fiM GDP. Membranes are incubated on ice for 20 minutes, 
transferred to a 96-weli Millipore microtiter GF/C filter 
plate and mixed with GTPy^^S (e.g., 250,000 cpm/sample, 
specific activity --1000 Ci/mmol) plus or minus GTPyS (final 
concentration = 100 fiM) . Final membrane protein 

concentration = 90 /ig/ml. Samples are incubated in the 
presence or absence of MCH (final concentration = 1 /iM) for 
30 min. at room temperature, then filtered on a Millipore 
vacuum manifold and washed three times with cold assay 
buffer. Samples collected in the filter plat.e are treated 
with scintillant and counted for ^^S in a Trilux (Wallac) 
liquid scintillation counter. It is expected that optimal 

results are obtained when the mammalian receptor membrane 

A- 

preparation is derived ' from an appropriately engineered 
heterologous expression system, i.e., an expression system 
resulting in high levels of expression of the mammalian 
receptor and/or expressing G-proteins having high turnover 
rates (for the exchange of GDP for GTP) . GTPyS assays are 
well-known in the art, and it is expected that variations on 
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the method described above, such as are described by e.g., 
Tian et al . (1994) or Lazareno and Birdsall (1993), -may be 
used by one of ordinary skill in the art. 

5 TT-^ngcr ^ption assay 

Guidelines for cell preparation and assay of receptor 
mediated transcription of Cos- 7 cells transiently 
transfected by the DEAE-dextran method in a 96 microwell 
format is as follows; The c-fos-&-gal promoter/reporter 
10 construct used for these studies consists of the cfos 

promoter region (-384 to +19) (Schilling et al 1991, 
Yalkinoglu et al, 1995) inserted upstream of 3-galactosidase 
cDNA containing expression vector pNASSP (Clontech) . 
Transcription activity is measured by assay of 3- 
15 galactosidase enzyme activity as detected in a colorimetric 

assay. Forty-eight hours following transient transf ection, 
the medium is removed and replaced with medium containing 
drug (e.g. MCH) typically at a concentration of 10 /xM. The 
cells are allowed to incubate at 37^*0, 5% CO2 for at least 18 
2 0 hours, after which the medium is aspirated and the cells 

washed with 200 ^1 PBS/well. The cells are then lysed with 
100 ^1 AB buffer (100 mM Sodium Phosphate buffer, pH 8.0, 2 
mM MgS04, 0.1 mM MnCl-) for 10 minutes at room temperature, 
100 fil of AB/Tx/3-mercaptoethanol (AB buffer with 0.5% 
25 Triton X-100, 40 mM p-mercaptoethanol) is then added to each 

well and the lysate allowed to incubate an additional 10 
minutes at room temperature. The enzymatic color reaction 
is initiated by the addition of the substrate, ONPG/AB (4 
mg/ml O-nitrophenyl -b-D-galactopyranoside in AB buffer) . 
30 The reaction is allowed to proceed for 30 minutes or until 

yellow color becomes evident. Measurement of optical 
density is taken at 4 05 nm using a Dynatech microplate 
reader. 



35 MAP kinase assay 

MAP kinase (mitogen activated kinase) may be monitored to 
evaluate receptor activation. MAP kinase is activated by 
multiple pathways in the cell. A primary mode of activation 



involves the ras/raf /MEK/MAP kinase pathway. Growth factor 
(tyrosine kinase) receptors feed into this pathway via 
.SHC/Grb-2/SOS/ras . Gi coupled receptors are also known to 
activate ras and subsequently produce an activation of MAP 
kinase. Receptors that activate phospholipase C (Gq and 
Gil) produce diacylglycerol (DAG) as a consequence of 
phosphatidyl inositol hydrolysis. DAG activates protein 
kinase C which in turn phosphorylates MAP kinase. 

MAP kinase activation can be detected by several approaches. 
One approach is based on an evaluation of the 
phosphorylation state, either unphosphorylated (inactive) or 
phosphoirylated (active) . The phosphorylated protein has a 
slower mobility in SDS-PAGE and can therefore be compared 
with the unstimulated protein using Western blotting. 
Alternatively, antibodies specific for the phosphorylated 
protein are available (New England Biolabs) which can be 
used to detect an increase in the phosphorylated kinase . In 
either method, cells are stimulated with the mitogen and 
then extracted with Laemmli buffer. The soluble fraction is 
applied to an SDS-PAGE gel and proteins are transferred 
electrophoretically to nitrocellulose or Immobilon. 
Immunoreactive bands are detected by standard Western 
blotting technique. Visible or chemi luminescent signals are 
recorded on film and may be quantified by densitometry. 

Another approach is based on evaluation of the MAP kinase 
activity via a phosphorylation assay. Cells are stimulated 
with the mitogen and a soluble extract is prepared. The 
extract is incubated at 30°C for 10 min with gamma-32 -ATP, 
an ATP regenerating system, and a specific substrate for MAP 
kinase such as phosphorylated heat and acid stable protein 
regulated by insulin, or PHAS-I. The reaction is terminated 
by the addition of H3PO4 and samples are transferred to ice. 
An aliquot is spotted onto Whatman P81 chromatography paper, 
which retains the phosphorylated protein. The 
chromatography paper is washed and counted for ^'P in a 
liquid scintillation counter. Alternatively, the cell 
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excract is incubated with gamma-32-ATP, an ATP regenerating 
system. and biotinylated myelin basic protein bound by 
streptavidin to a filter support. The myelin basic protein 
is a substrate for activated MAP kinase. The 
phosphorylation reaction is carried out for 10 min at 30'C. 
The extract can then be aspirated through the filter, which 
retains the phosphorylated myelin basic protein. The filter 
is washed and counted for '"P by liquid scintillation 
counting . 



1 pT-o 1 i f ^-rat-ion aPSaV 
Activation of a G protein coupled receptor may lead to a 
mitogenic or proliferative response which can be monitored 
via [^H] -thymidine uptake. When cultured cells are incubated 
with [^H] -thymidine, the thymidine translocates into the 
nuclei where it is phosphorylated to thymidine triphosphate. 
The nucleotide triphosphate is then incorporated into the 
cellular DNA at a rate that is proportional to the rate of 
cell growth. Typically, cells are grown in culture for 1-3 
days. Cells are forced into quiescence by the removal of 
serum for 24 hrs . A mitogenic agent is then added to the 
media. 24 hrs later, the cells are incubated with [^H] - 
thymidine at specific activities ranging from 1 to 10 nCx/ml 
for 2-6 hrs. Harvesting procedures may involve 
trypsinization and trapping of cells by filtration over GF/C 
filters with or without a prior incubation in TCA to extract 
soluble thymidine. The filters are processed with 
scintillant and counted for 'h by liquid scintillation 
counting. Alternatively, adherent cells are fixed in MeOH 
or TCA, washed in water, and solubilized in 0.05% 
deoxycholate/0.1 N NaOH. The soluble extract is transferred 
to scintillation vials and counted for by liquid 

scintillation counting. 

Female Xenopus laevis (Xenopus-1. Ann Arbor, MI) are 
anesthetized in 0.2% tricain (3-aminobenzoic acid ethyl 



ester, Sigma Chemical Corp.) and a portion of ovary is 
removed using aseptic technique (Quick and Lester 1994 ) . 
Oocytes are def olliculated using 2 mg/ml collagenase 
(Worthington Biochemical Corp., Freehold, NJ) in a solution 
containing 87.5 mM NaCl, 2 mM KCl, 2 mM MgCl: and 5 mM HEPES, 
pH 7.5. Oocytes may be injected (Nanoject, Drummond 
Scientific, Broomall, PA) with mammalian mRNA. Other oocytes 
may be injected with a mixture of mammalian mRNA and mRNA 
encoding the genes for G-protein-activated inward rectifiers 
(GIRKl and GIRK4, U.S. Patent Nos . 5,734,021 and 5,726,535). 
Genes encoding G-protein inwardly rectifying K' (GIRK) 
channels 1 and 4 (GIRKl and GIRK4 ) were obtained by PGR 
using the published sequences (Kubo et al . , 1993; Dascal et 
al . , 1993; Krapivinsky et al . , 1995 and 1995b) to derive 
appropriate 5* and 3' primers. Human heart cDNA was used as 
template together with the primers 

5 • - CGCGGATCCATTATGTCTGCACTCCGAAGGAAATTTG- 3 ' ( SEQ ID NO : 10) 
and 

5 ' -CGCGAATTCTTATGTGAAGCGATCAGAGTTCATTTTTC-3 • (SEQ ID NO; 11) 
for GIRKl and 

5 ' -GCGGGATCCGCTATGGCTGGTGATTCTAGGAATG-3 ' (SEQ ID NO: 12) and 
5*- CCGGAATTCCCCTCACACCGAGCCCCTGG-3 ' (SEQ ID NO: 13) for 
GIRK4 . 

In each primer pair, the upstream primer contained a BamHI 
site and the downstream primer contained an EcoRI site to 
facilitate cloning of the PGR product into pcDNAl-Ainp 
(Invitrogen) . The transcription template for the mammalian 
receptor may be similarly obtained. mRNAs are prepared from 
separate DNA plasmids containing the complete coding regions 
of the mammalian receptor, GIRKl, and GIRK4 . Plasmids are 
linearized and transcribed using the T7 polymerase ("Message 
Machine", Ambion) . Alternatively, mRNA may be translated 
from a template generated by PGR, incorporating a T7 
promoter and a poly A* tail. Each oocyte receives 2 ng each 
of GIRKl and GIRK4 mRNA in combination with 25 ng of 
mammalian receptor mRNA. After injection of mRNA, oocytes 
are incubated at 16"* C on a rotating platform for 3-8 days. 
Dual electrode voltage clamp C'GeneClamp", Axon Instruments 



Inc., Foster City, CA) is performed using 3 M KCl-filled 
glass microelectrodes having resistances of 1-3- Mohms. 
Unless otherwise specified, oocytes are voltage clamped at 
a holding potential of -80 mV. During recordings, oocytes 
are bathed in continuously flowing (2-5 ml/min) medium 
containing 96 mM NaCl, 2 mM KCl, 2 mM CaCl., 2 mM MgCl. , and 
5 mM HEPES, pH 7.5 ("ND96") , or, in the case of oocytes 
expressing GIRKl and GIRK4 , elevated K* containing 96 mM KCl, 
2 mM NaCl, 2 mM CaCl;, 2 mM MgCl., and 5 mM HEPES, pH 7.5 
("hK") . Drugs are applied by switching from a series of 
gravity fed perfusion lines. 

Heterologous expression of GPCRs in Xenopus oocytes has been 

widely used to determine the identity of signaling pathways 
activated by agonist stimulation (Gundersen et al . , 1983; 
Takahashi et al . , 1987). Activation of the phospholipase C 
(PLC) pathway is assayed by applying test compound in ND96 
solution to oocytes previously injected with mRNA for the 
mammalian receptor and observing inward currents at a 
holding potential of -80 mV. The appearance of currents 
that reverse at -25 mV and display other properties of the 
Ca**-activated CI' (chloride) channel is indicative of 
mammalian receptor- activation of PLC and release of IP3 and 
intracellular Ca** . Such activity is exhibited by GPCRs that 
couple to Gq. 

Measurement of inwardly rectifying (potassium) channel 

(GIRK) activity is monitored in oocytes that have been co- 
injected with mRNAs encoding the mammalian receptor, GIRKl, 
and GIRK4 . The two GIRK gene products co-assemble to form 
a G-protein activated potassium channel known to be 
activated (i.e., stimulated) by a number of GPCRs thait 
couple to Gj or G^ (Kubo et al . , 1993; Dascal et al . , 1993), 
Oocytes expressing the mammalian receptor plus the two GIRK 
subunits are tested for test compound responsivity by 
measuring K* currents in elevated K* solution (hK) . 
Activation of inwardly rectifying currents that are 
sensitive to 3 00 ^M Ba*" signifies the mammalian receptor 
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pling to a G, or G, pathway in the oocyt 



A strategy for determining whether MCHl can couple 
preferentially to selected G proteins involves co- 
transfection of MCHl receptor cDNA into a host cell together 
with the CDNA for a G protein alpha sub-unit. Examples of 
G alpha sub-units include members of the Gai/Gao class 
(including Gat2 and Gaz) , the Gaq class, the Gas class, and 
the Gal2/13 class. A typical procedure involves transient 
transfection into a host cell such as COS-7. Other host 
cells may be used. A key consideration is whether the cell 
has a downstream effector (a particular adenylate cyclase, 
phospholipase C, or channel isoform, for example) to support 
15 a functional response through the G protein under 

investigation. G protein beta gamma sub-units native to the 
cell are presumed to complete the G protein heterotrimer ; 
otherwise specific beta and gamma sub-units may be co- 
transfected as well. Additionally, any individual or 
combination of alpha, beta, or gamma subunits may be co- 
transfected to optimize the functional signal mediated by 
the receptor . 



The receptor/G alpha co- transf ected cells are evaluated in 
a binding assay, in which case the radioligand binding may 
be enhanced by the presence of the optimal G protein 
coupling or in a functional assay designed to test the 
receptor/G protein hypothesis. In one example, the MCHl 
receptor may be hypothesized to inhibit cAMP accumulation 
through coupling with G alpha sub-units of the Gai/Gao 
class. Host cells co- transf ected with the MCHl receptor and 
appropriate G alpha sub-unit cDNA are stimulated with 
forskolin +/- MCHl agonist, as described above in cAMP 
methods. intracellular cAMP is extracted for analysis by 
radioimmunoassay. Other assays may be substituted for cAMP 
inhibition, including CTPy^'S binding assays and inositol 
phosphate hydrolysis assays. Host cells transf ected with 
MCHl minus G alpha or with G alpha minus MCHl would be 
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tested simultaneously as negative controls. MCHl receptor 
expression in transfected cells may be confirmed in 
radioligand binding studies using membranes from transfected 
cells. G alpha expression in transfected cells may be 
5 confirmed by Western blot analysis of membranes from 

transfected cells, using antibodies specific for the G 
protein of interest. 

The efficiency of the transient transfection procedure is a 

10 critical factor for signal to noise in an inhibitory assay, 

much more so than in a stimulatory assay. If a positive 
signal present in all cells (such as forskolin- stimulated 
cAMP accumulation) is inhibited only in the fraction of 
cells successfully transfected with receptor and G alpha, 

15 the signal to noise ratio will be poor. One method for 

improving the signal to noise ratio is to create a stably 
transfected cell line in which 100% of the cells express 
both the receptor and the G alpha subunit . Another method 
involves transient co-transf ection with a third cDNA for a 

20 G protein-coupled receptor which positively regulates the 

signal which is to be inhibited. If the co- transfected 
cells simultaneously express the stimulatory receptor, the 
inhibitory receptor, and a requisite G protein for the 
inhibitory receptor, then a positive signal may be elevated 

25 selectively in transfected cells using a receptor-specific 

agonist. An example involves co-transf ection of COS-7 cells 
with 5-HT4 receptor, MCHl receptor, and a G alpha sub-unit. 
Transfected cells are stimulated with a 5-HT4 agonist 
MCHl agonist. Cyclic AMP is expected to be elevated only in 

30 the cells also expressing MCHl and the G alpha subunit of 

interest, and a MCHl -dependent inhibition may be measured 
with an improved signal to noise ratio. 

It is to be understood that the cell lines described herein 
35 are merely illustrative of the methods used to evaluate the 

binding and function of the mammalian receptors of the 
present invention, and that other suitable cells may be used 
in the assays described herein. 



PT^omiscuouE second m essenaer assays 

It is possible to coax receptors of different functional 
classes to signal through a pre- selected pathway through the 
use of promiscuous subunits. For example, by providing 
a cell based receptor assay system with an exogenously 
supplied promiscuous subunit such as Goie or s chimeric G^ 
subunit such as G^jp, a GPCR which normally might prefer to 
couple through a specific signaling pathway (e.g. G^, G. , G^, 
G;, etc), can be made to couple through the pathway defined 
by the promiscuous Go subunit and upon agonist activation 
produce the second messenger associated with that subunit * s 
pathway. In the case of G^i^ and/or Goq. this would involve 
activation of the Gq pathway and production of the second 
messenger inositol phosphate. Through similar strategies 
and tools, it is possible to bias receptor signaling through 
pathways producing other second messengers such as Ca**, 
cAMP , currents , etc . 

Microphysiometric assay 

Because cellular metabolism is intricately involved in and 
effected by a broad range of cellular events (including 
receptor activation of various second messenger pathways) , 
the use of microphysiometric measurements of cell metabolism 
can in principle provide a generic assay of cellular 
activity arising from the activation of any receptor 
regardless of the specifics of the receptor ' s proximal 
signaling pathway - 

General guidelines for cell preparation and 
microphysiometric recording have been previously reported 
(Salon, J. A. and Owicki, J. A., 1996). A typical protocol 
employing transiently transfected CHO cells is as follows; 
24 hours prior to recording, transfected cells are harvested 
and counted. 3 x lO' cells are seeded into cell culture 
capsules (Costar) , and allowed to attach to the capsule 
membrane. 10 hours later (14 hours prior to recording) the 



cell media is switched to serum free F-12 complete to 
minimize ill-defined metabolic stimulation caused by 
assorted serum factors. 

On the day of the experiment the cell capsules are 
transferred to the microphysiometer (Cytosensor , Molecular 
Devices Corporation, Sunnyvale, CA) and allowed to 
equilibrate in recording media (low buffered RPMl 164 0, no 
bicarbonate, no serum) with 0.1% BSA (essentially fatty acid 
free) , during which a baseline measurement of basal 
metabolic activity is established. The recording paradigm 
consists of a 100 ^1/min flow rate, with a 2 min pump cycle 
which includes a 3 0 sec flow interruption during which the 
rate measurement is taken. Challenges involve a l min 2 0 
sec exposure to a drug just prior to the first post 
challenge rate measurement being taken, followed by two 
additional pump cycles for a total of 5 min 2 0 sec darug 
exposure. Drug is then washed out and rates allowed to 
return to basal. Reported extracellular acidification rates 
are expressed as a percentage increase of the peak response 
over the baseline rate observed just prior to challenge . 

GPCR liqand library 

Functional assays of new receptors such as MCHl may include 
a preliminary test of a small library of compounds 
containing representative agonists for all known GPCRs as 
well as other compounds which may be agonists for 
prospective GPCRs or which may be effectors for targets 
peripherally involved with GPCRs. The collection used in 
this study comprises approximately 180 compounds (including 
small molecules , hormones , preprohormones , peptides , etc . ) 
for more than 45 described classes of GPCRs (serotonin, 
dopamine, noradrenaline, opioids, etc) cind additionally 
includes ligands for known or suspected but not necessarily 
pharmacological characterized or cloned GPCR families (such 
as MCH) . 



The diversity of the library can be expanded to include 



agonist and antagonist compounds specific for GPCR subtypes, 
combinatorial peptide and/or small molecule libraries, 
natural product collections, and the like. To facilitate 
robotic handling, the substances are distributed as either 
separate or pooled compound concentrates in 96 well plates 
and stored frozen as ready to use reagent plates. 

Localization of mRNA coding for human MC Hl receptors 

Development of probes for MCHl: To facilitate the 

production of radiolabeled, antisense RNA probes a fragment 
of the gene encoding rat MCHl will be subcloned into a 
plasmid vector containing RNA polymerase promoter sites. 
The full length cDNA encoding the rat MCHl will be digested 
with Pst 1, (nucleotides 905-1194) and this 289 nucleotide 
fragment will be cloned into the Pst I site of pGEM 32, 
containing both sp6 and T7 RNA polymerase promoter sites. 
The construct will be sequenced to confirm sequence identity 
and orientation. To synthesize antisense strands of RNA, 
this construct will be linearized with Hind III or Eco RI 
(depending on orientation) and T7 or sp6 RNA polymerase will 
be used to incorporate radiolabeled nucleotide as described 
below . 

A probe coding for the rat glyceraldehyde 3 -phosphate 
dehydrogenase (GAPDH) gene, a constitutively expressed 
protein, was used concurrently. GAPDH is expressed at a 
relatively constant level in most tissue and its detection 
is used to compare expression levels of the rat MCHl 
receptors gene in different regions . 

Synthesis of probes: MCHl and GAPDH cDNA sequences preceded 

by phage polymerase promoter sequences will be used to 
synthesize radiolabeled riboprobes . Conditions for the 
synthesis of riboprobes will be: 0.25-1.0 ^tg linearized DNA 
plasmid template, 1.5 ^1 of ATP, GTP, UTP (10 mM each), 3 fil 
dithiothreitol (0.1 M) , 30 units RNAsin RNAse inhibitor, 
0.5-1.0 ^1 (15-20 units/^il) RNA polymerase, 7.0 fil 



transcription buffer {Promega Corp.), and 12.5 ^1 a-P-CTP 
(specific activity 3 , OOOCi/mmol ) . 0.1 mM CTP (0.02-1.0 ^1) 
will be added to the reactions, and the volume will be 
adjusted to 35 ^1 with DEPC- treated water. Labeling 
reactions will be incubated at 37°C for 60 min, after which 
3 units of RQl RNAse-free DNAse (Promega Corp.) will be 
added to digest the template. Riboprobes will be separated 
from unincorporated nucleotides using Microspin S-300 
columns (Pharmacia Biotech) . TCA precipitation and liquid 
scintillation spectrometry will be used to measure the 
amount of label incorporated into the probe, A fraction of 
all riboprobes synthesized will be size- fractionated on 0.25 
mm thick 7M urea, 4.5% acrylamide sequencing gels. These 
gels will be apposed to storage phosphor screens and the 
resulting autoradiograph scanned using a phoshorimager 
(Molecular Dynamics, Sunnyvale, CA) to confirm that the 
probes synthesized were full-length and not degraded . 

Solution hybridization/ribonuclease protection assay (RPA) : 

For solution hybridization 2.0 /ig of mRNA isolated from 
tissues will be used. Negative controls consisted of 3 0 MS 
transfer RNA (tRNA) or no tissue blanks. All mRNA samples 
will be placed in 1.5-ml microfuge tubes and vacuum dried. 
Hybridization buffer (4 0 ^1 of 4 00 mM NaCl, 20 mM Tris, pH 
6.4, 2 mM EDTA, in 8 0% formamide) containing 0.25-2.0 E* 
counts of each probe will be added to each tube. Samples 
will be heated at 95 °C for 15 min, after which the 
temperature will be lowered to 55 °C for hybridization. 

After hybridization for 14-18 hr, the RNA/probe mixtures 
will be digested with RNAse A (Sigma) and RNAse Tl (Life 
Technologies) . A mixture of 2.0 fig RNAse A and 1000 units 
of RNAse Tl in a buffer containing 330 mM NaCl, 10 mM Tris 
(pH 8.0) and 5 mM EDTA (400 A^l) will be added to each sample 
and incubated for 90 min at room temperature. After 
digestion with RNAses, 20 ^1 of 10% SDS and 50 /xg proteinase 
K will be added to each tube and incubated at 3 7*'C for 15 
niin. Samples will be extracted with 
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nhenol/chlorof ortn: isoamyl alcohol and precipitated in 2 
volumes of ethanol for 1 hx at -70^C. Pellet Paint (Novagen) 
v^;ill be added to each tube (2.0 ^9) as a carrier to 
facilitate precipitation. Following precipitation, samples 
will be centrifuged, washed with cold 70% ethanol, and 
vacuum dried. Samples will be dissolved in formamide 
loading buffer and size-fractionated on a urea/acrylamide 
sequencing gel (7.0 M urea, 4.5% acrylamide in Tris -borate - 
EDTA) . Gels will be dried and apposed to storage phosphor 
screens and scanned using a phosphorimager (Molecular 
Dynamics, Sunnyvale, CA) . 

RT-PCR: For the detection of RNA encoding human MCHl, RT-PCR 

was carried out on mRNA extracted from human tissue. 
Reverse transcription and PCR reactions were carried out in 
50 ml volumes using EZrTth DNA polymerase (Perkin Elmer) . 
Primers with the following sequences were used: 

Forward primer (RA SLCla /MCH F) ; TCA GOT CGG TTG TGG 
GAG CA (SEQ ID NO: 14) 

Reverse primer (RA/SLCla MCH B) ; CTT GGA CTT CTT CAC 
GAC (SEQ ID NO: 15) 

These primers will amplify a 24 8 base pair fragment from 
nucleotide 169 to 417. 

Each reaction contained 0.1 /ig mRNA and 0.3/iM of each 
primer- Concentrations of reagents in each reaction were: 
300 each of GTP; dATP; dCTP; dTTP; 2 . 5mM Mn(0Ac)2; 50 mM 
Bicine; 115 mM potassium acetate, 8% glycerol and 5 units 
EZrTth DNA polymerase- All reagents for PCR (except mRNA 
and oligonucleotide primers) were obtained from Perkin 
Elmer. Reactions were carried out under the following 
conditions: BS^C 60 min, , 94^*0 2 min., (94*'C, 1 min., 65^*0 
1 min) 35 cycles, 72 °C 10 min. PCR reactions were size 
fractionated by gel electrophoresis using 10% 
polyacrylamide . DNA was stained with SYBR Green I 
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(Molecular Probes, Eugene OR) and scanned cn a Molecular 
Dynamics (Sunnyvale CA) Storm 860 in blue fluorescence mode 

at 450 nM. 

Positi^.e controls for PCR reactions consisted of 
amplification of the target sequence from a plasmxd 
construct, as well as reverse transcribing and amplifying a 
known sequence. Negative controls consisted of mRNA blanks, 
as well as primer and mRNA blanks. To confirm that the mRNA 
was not contaminated with genomic DNA, samples were digested 
with RNAses before reverse transcription. Integrity of RNA 
was assessed by amplification of mRNA coding for GAPDH. 
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p^<=vilt, c; ^Tid Disrussion 
nnnina and Segruencinq 

nic:oove:rv of an Expressed Sequence Taa (£gT) FP^^^g — ija 

npTJgML Vinmolnanu<^ To FB41a 

A BLiAST search of GENEMBL with a Synaptic Pharmaceutical 
Corporation proprietary sequence, FB41a, resulted in the 
identification of an EST (accession number F07228) with a 
high degree of homology to -FB41a and somatostatin, opiate 
and galanin receptors, 

rongt ruction an H .qrreenina 2 HUTPgn KiPPQCaTOg] CPNA 

T.ibrarv 

A human hippocampal cDNA library containing a total of 2.2 
xlO*^ independent clones with a mean insert size of 3 . 0 kb was 
prepared in the expression vector pEXJ.BS. The library was 
plated on agar plates (ampicillin selection) and glycerol 
stocks for 450 pools of 5000 independent clones were 
prepared. Primary glycerol stocks were also grouped 
together in groups of approximately 10 to create superpools* 

rloTiinQ of the full -length sequence of MCHl 

Glycerol stocks of the superpools and primary pools from the 
human hippocampal cDNA library were screened by PGR with 
F07228 specific primers T579 and T580, One positive primary 
pool 490, was successively divided into subpools, amplified 
in LB medium overnight and screened by PGR using primers 
T579 and T580. One positive subpool, 490-4-10-23 was plated 
on agar plates (ampicillin selection) , and colonies were 
transferred to nitrocellulose membranes (Schleicher and 
Schuell, Keene, NH) . Filters were hybridized for two days 
under high stringency conditions with 10^ cpm/ml of a 
■-p-labeled cDNA probe, T581, designed against the F07228 EST 
sequence. Filters were washed and apposed to Biomax MS film 
(Kodak) . Seven positive colonies were picked, streaked on 

LB-AMP plates, and grown overnight. Two individual colonies 
from each of the original seven were picked and subjected to 
vector- anchored PGR using the following primer pairs: T9S, 
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T580 and T94, T579. One positive colony, Gl, was amplified 
overnight in TB and processed for plasmid purification. 
This plasmid was designated TL23 0 and sequenced on both 
strands. Nucleotide and peptide sequence analysis were 
performed with GCG programs (Genetics Computer Group, 
Madison, WI) . A Hlndlll- Kpnl fragment of TL23 0 was 

subcloned into the mammalian expression vector pEXJ, and 
named TL231. The largest open reading frame in this 

construct contains 1266 nucleotides (Figure 1) , which is 
predicted to encode a protein of 422 amino acids (Figure 2) . 

There are three in-frame methionines in the amino terminus 
which could result in a protein of 422, 417 or 353 amino 
acids. Hydropathy analysis of the protein is consistent 
with a putative topography of seven transmembrane domains, 
indicative of the G protein-coupled receptor family (Figure 
3) . TL231 has been named MCHl . 

Database analysis of the sequence of MCHl revealed that it 
was most similar to somatostatin receptors. Further 
database analysis revealed a Genbank submission (accession 
number AF008650, deposited on October 1, 1997) which appears 
to be the rat homologue of TL231. AFOOBGSO is 69 
nucleotides shorter than MCHl at the 5* end, and predicts a 
different initiating methionine. Figures 4 and 5 

illustrate the nucleotide and amino acid sequence for the 
rat MCHl receptor, respectively. 

Inositol phosphate response of MCHl - trans fee ted cells 

The expression vector (pEXJ) containing the MCHl cDNA was 
transfected by electroporation into Cos-7 cells in 
combination with an expression vector (pEXJ) containing the 
G,5if subunit. After plating and labeling with t^H] -myo- 
inositol, the transf ectants were challenged with a ligand 
library that included, among other things , melanin 
concentrating hormone (MCH) (10 /iM final concentration) and 
then assayed for inositol phosphate (IP) formation. In five 
out of the seven sctg^xis, cells transfected with MCHl (with 
Gait) gave an approximately 1* 4-fold increase in IP 
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production as compared to cells transfected with G^^. alone 
when challenged with MCH. 

Subsequent experiments demonstrated that 10 MCH was able 
to stimulate IP release 3.4-fold over basal levels in Cos-7 
cells transfected with MCHl alone, suggesting that this 
receptor couples through the G^. signaling pathway. The IP 
response was shown to be dose -dependent to MCH with an ECr- 
value of 9,3 i 1.7 nM (n=2) and an E^^,. of approximately 4 00% 
basal (4 04 + 72) (Figure 6) . 

Several additional compounds were tested for their ability 
to activate \mCH1 . No dose -responsiveness of inositol 
phosphate formation could be detected in Cos-7 cells 
transfected with MCHl when challenged with somatostatin, 
haloperidol, or aynorphin Al-13, discounting the possibility 
that MCHl encodes a somatostatin-like or opioid-like or 
Sigma -like GPCR sM5type (Figure 7) 

Mierophysiomet yic response of MCHl - transfected cells to MCH 

CHO cells \were transiently transfected with MCHl using 
lipofectant A challenged with increasing concentrations of 
MCH or Phe^"^, Tvr^^-MCH, and subsequently monitored for changes 
in extracellulc^ acidification rates. Both ligands produced 
a dose -dependents increase in acidification rate with an EC50 
value of 8.6 nA for MCH and 51.8 nM for Phe^^ Tyr^^-MCH. 
Neither native CBO cells or mock (pEXJ) transfected CHO 
cells exhibited a change in acidification rate when exposed 
to MCH or Phe",TyrT-MCH (Figure 8) , 

Transcriptional TeepoTXBe of MCHl - transfected cells 

Cos-7 cells were transiently transfected with MCHl and a c- 
fos-P-gal reporter construct by the DEAE-dextran method. The 
cells were challenged with assorted drugs, including MCH, 
and transcriptional activity measured by colorimetric assay 
of p-galactosidase protein expression. Initial single dose 
challenges with MCH at a concentration of 10 /iM stimulated 
c-f OS-regulated transcriptional activity approximately 3*9- 
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fold over cells challenged with medium only. Cells 
transfected with only the c-fcs-3-gal construct showed no 
response to MCH . Subsequent experimentation showed the 
transcription activation response to be dose -dependent to 
MCH with an EC^c value of 116 nM (Figure 9) . 

Rjndina of f "^IT Phe" . Tvr^^^MCH in M CHl - transf ected cells 

Membranes harVested from Cos-7 cells transfected with MCHl 
by the DET^-dextran method exhibited specific binding for 
[""I] Phe^^-Tyr^^-MCH (about 80 fmol/mg membrane protein) over 
mock- transf ectedX cells (about 20 fmol/mg membrane protein) 
at 0,1 nM radioligand concentration. Specific Phe~ *- 

Tyr'^-MCH binding \ was about 70% of total binding at a 
radioligand concentoration of 0.1 nM (Figure 10). 

I^Qgalization of ciRNA encoding human MCHl r eceptors 

RT-PCR was used to assess the presence of MCHl receptor 
encoding message in mRNA samples isolated from a variety of 
human tissues (Table 1, Figure 11) . After amplification, PCR 
reactions were size fractionated on 10% polya cry 1 amide gels^ 
and stained with SYBR Green I . Images were analyzed using 
a Molecular Dynamics Storm 860 workstation. The amplified 
band corresponding to MCHl receptor (4 90 base pairs) is 
indicated (arrow) . RT-PCR analysis indicates the 

distribution of mRNA encoding human MCHl receptor is 
widespread throughout all tissues assayed, including both 
central nervous system tissue and peripheral organs. This 
widespread distribution implies broad regulatory functions 
that involve nervous system as well as endocrine mechanisms. 
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Distribution of mRNA coding for human MCHl 
receptors . 



Region 



liver 



10 



lung 

s mall int-es^ine 
s tL X-ia'ted m u scle 
pituitary 

whole brain 



15 



hippocampus 
hypothalamus 



20 




Cauda te -pu tamen 



25 



fetal lung 
fetal kidney 



hntnnn 
M CH 1 

+ -r + 

+++ 

+ + + 
+ + -f 



++ + 



+ + + 



+ + + 
+ + 4- 
+ + + 



Potential applications 



Diabetes 

Hypertension , Electrolyte 
balance 

Respir atory disorders/ asthma 
Ca rdiovascular indications 
Gastrointestinal disorders 



Musculoskeletal disorders 
Endocrine /neuroendocrine 
requlation 

Depression, phobias, anxiety, 
mood disorders 
Sensory and motor 
integration, cognition 
Cognition /memory 



appetite /obesity, 
neuroendocrine regulation 
Analgesia, sensory modulation 
and transmission 
Mot or coordination 
s ensory integration 
Modulation of dopaminergic 
function. Modulation of motor 
coordination. 



Modulation of dopaminergic 
function 



Deve lopmental disorders 
Developmental disorders 



Developmental disorders 



Developmental disorders 



30 
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The cloning of the gene encoding the human MCHl receptor has 
provided the means to explore its physiological role by 
pharmacological characterization, and by Northern and in 

situ mapping of its mRNA distribution. Further, the 

availability of the DNA encoding the human MCHl receptor 
will facilitate the development of antibodies and antisense 
technologies useful in defining the functions of the gene 
products in vivo. Antisense oligonucleotides which target 

mRNA molecules to selectively block translation of the gene 
products in vivo have been used successfully to relate the 

expression of a single gene with its functional sequelae. 
Thus, the cloning of this receptor gene provides the means 
to explore its physiological role in the nervous system and 
elsewhere, and may thereby help to elucidate 
structure/function relationships within the GPCR 
superf amily* 

The presence of three different potential starting codons in 
the cDNA sequence of TL231 opens the question of which of 
the possible transcripts yields an active MCH receptor. In 
order to establish whether a transcript of the first and 
second starting codons of TL231 encode a functional human 
MCH receptor, methionines 6 and 70 of TL231 were mutated to 
alanine (construct R114; See Figure 12) . The third 
methionine at position 70 was also mutated to an alanine 
(construct R106; See Figure 12) • Transf ections of TL231, 
R106 or R114 into COS-7 cells all resulted in MCH-mediated 
increases of intracellular calcium, as measured by a 
fluorescent intensity plate reader in cells loaded with the 
calcium dye fluo-3 (FLIPR, Molecular Devices) . As shown in 
Table 2, COS-7 cells transfected with TL231, R106, R114 and 
B0120 showed dose-related mobilization of intracellular 
calcium when exposed to increasing concentrations of MCH 
with similar maximal responses and EC50 values. These data 
demonstrate that transcripts starting at the first and/or 
second and third methionine of TL231 encode a functional 
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human MCH receptor 



Table 2 



Transf ected 
Construct 



TL2 31 
R114 

RIO 6 
BO120 



Response to Melanin Concentrating 

Hormone* 



EC 50 (nM ) 
60, 12 
98, 9 
85, 55 
12, 3,5 



Max. Re sponse (RFU* 
3,535, 14,000 
2 ,267, 1,550 
4 642, 2000 
30,000, 25,000 



♦Results from two 



independent experiments 



RFU = relative 



fluorescence units 
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